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TO 


THE  QUEEN'S  MOST  EXCELLENT  MAJESTY. 


Madam, 

With  your  Majesty's  gracious  leave, 
we,  the  undersigned  members  of  the  Council  of 
the  Society  of  Arts,  dedicate  to  your  Majesty 
this  Series  of  Lectures  upon  the  Exhibition  of 
the  Works  of  Industry  of  all  Nations,  delivered 
at  the  suggestion  of  His  Royal  Highness  the 
Prince  Albert,  the  President  of  our  Society. 

m 

In  doing  this,  we  desire  to  express  our 
grateful  sense  of  the  sanction  and  support  which 
your  Majesty  gave  to  the  Exhibition  from  its 
earliest  announcement,  without  which  it  must 
have  wanted  a  national  character,  and  failed  to 
secure    the    co-operation    of  the    nations    of   the 
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world.  Your  Majesty's  name  headed  the  sub- 
scription-list, and  animated  all  classes  to  assist 
in  making  the  Exhibition  self-supporting;  youi 
Majesty's  contributions  as  an  exhibitor  afforded 
even  still  more  practical  aid;  your  Majesty's  pre- 
sence at  the  opening,  in  the  largest  concourse 
ever  assembled  under  one  roof  in  this  kingdom, 
inaugurated  the  triumphant  success  of  the  Exhi- 
bition;  and,  above  all,  yoiu*  Majesty's  frequenl 
daily  visits  taught  your  people  how  the  lessons  ii 
offered  ought  to  be  studied. 

History  does  not  inform  us  that  any  othej 
Sovereign  of  this  country  has  ever  shown  so  persona 
and  affectionate  a  regard  for  the  progress  of  th< 
Arts,  Sciences,  and  Industry  of  the  people  as  you 
Majesty  did  on  this  occasion, — a  fact  which  make 
us  hope  that  a  continued  and  most  auspiciou 
developement  of  them  will  be  the  consequence. 

We  rejoice  that  when  future  ages  shall  loo] 
back  to  this  first  Exhibition  of  the  Works  c 
Industry  of  all  Nations,  and  trace   its   beneficia 
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results  upon  the  people,  not  of  this  country  only 
but  of  the  whole  world,  they  will  find  that  the 
event  took  place  in  your  Majesty's  happy  reign, 
and  was  so  largely  aided  by  your  Majesty's  actual 
personal  assistance. 

We    appreciate    the    privilege   of  subscribing 
this  address  as — 

Your  Majesty's 
Most  devoted  Subjects  and  Servants, 
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LECTURE  I. 


THE  GENERAL  BEARING  OF   THE  GREAT 

EXHIBITION   ON   THE  PROGRESS 

OF  ART   AND   SCIENCE. 


BT 

WILLIAM  WHEWELL,  D.D.  F.R.S, 

MASTER  OF  TRINITY  COLLBdB,  CAMBRIDOB. 


B 


DR.    WHEWELL 


lEh-ERAL  BEARING  OF  THE  GREAT  EXHIBnTON. 


I  tr  seems  to  me  as  if  I  were  one  of  the  persons  who  have 
the  least  right  of  any  to  nddreaa  an  audience  like  this  on 
the  gnbject  of  the  Great  Exhibition  of  the  Art  and  Industry 
of  All  Nations,  of  whieh  the  doors  have  so  lately  closed ; 
inasmuch  as  I  have  had  no  connexion  with  that  great 
event,  not  relation  to  it,  except  that  of  a  mere  spectator — 
one  of  the  many  milhons  there.  The  eminent  and  zealous 
men  in  whose  wide  views  it  originated,  by  whose  iudonii- 
table  energy  and  perseverance  the  great  thought  of  such  a 
spectacle  was  embodied  in  a  visible,  material  shape;  those 
who,  from  our  own  coun"fiic!s  or  from  foreign  lands,  sup- 
plied it  with  the  treasures  and  wonders  of  art ;  tliose  who, 
with  Hrutiuizing  eye  and  judicial  mind,  compared  those 
treasures  and  those  wonders,  and  stamped  their  approval 
on  the  worthiest ;  those  who  can  point  to  the  glories  of 
the  Exhibition,  and  say,  "  quorum  pars  magna  fui ;' — those 
parMUs  may  well  be  consideicd  as  having  a  right  to 
ecprcsB  to  you  the  thoughts  which  have  been  suggested  by 
the  BceDCs  in  which  they  have  thus  had  to  live :  but  of 
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these  I  am  not  one.  I  have  been  in  the  Exhibition,  as  I 
have  said,  a  mere  spectator.  Nevertheless,  the  Council  of 
the  Society  of  Arta  have  done  me  the  honour  to  express  a 
wish  that  I  should  offer  to  you  such  reflections  as  the 
spectacle  of  the  Great  Exhibition  has  suggested  to  me; 
and,  in  deference  to  their  wishes,  and  especially  as  a  token 
of  my  admiration  of  the  truly  royal  mind,  which  saw 
clearly,  in  despite  of  the  maxima  of  antiquity,  that  there 
mas  such  a  Royal  Road  to  knowledge,  I  shall  venture  to 
offer  j'ou  a  few  remarks,— which,  precisely  on  account  of 
the  circumstances  which  I  have  stated,  may  be  considered 
as  representing  the  views  of  an  unconnected  spectator  of 
the  great  spectacle. 

To  write  or  speak  the  Epilogue  after  any  great  and 
grand  Drama  is  by  no  means  an  easy  task.  We  see  the 
confession  of  the  difficulty  in  the  very  incongruity  of  the 
manner  in  which  the  task  is  sometimes  attempted ;  as, 
when  after  the  curtain  has  fallen  upon  a  deep  and  solemn 
tragedy,  some  startling  attempt  at  wit  and  pleasantry  is 
uttered  to  the  audience  ;  it  may  be  by  one  of  the  charac- 
ters, whose  deep  sorrows  or  lofty  aims  we  have  been  fol- 
lowing with  the  profonadest  interest.  You  will,  at  least, 
on  the  present  occasion,  not  have  the  difficulty  of  the  task 
shown  in  t/its  manner.  Nor,  indeed,  is  it  my  oifice,  in  any 
sense,  to  speak  an  epilogue  at  all.  Perhaps  soch  remarks 
as  I  have  to  make  may  rather  be  likened  to  the  criticism 
which  comes  afterthe  drama.  For,  as  jou  know,  Ci'iticism 
does  come  after  Poetry  :  the  age  of  Criticism  after  the  age 
,  of  Poetry;  Aristotle  after  Sophocles,  Longlnua  after  Homer. 
Lnd  the  reason  of  this  has  been  well  pointed  out  in  our 
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time: — tliat  words,  that  human  language,  appear  in  the 
form  in  which  the  poet  utters  theio,  and  works  with  them 
for  his  purposes,  hefore  they  appear  in  the  form  in  which 
the  critic  must  use  them  :  language  is  picturesque  and 
affecting,  first ;  it  is  philosophical  and  critical  afterwards  : 
— it  is  first  concrete,  then  abstract : — it  acts  first,  it  analyses 
afterwards.  And  this  is  the  case,  not  with  words  only, 
but  with  works  also.  The  Poet,  as  the  Greeks  called  him, 
was  the  Maker,  as  our  English  fathers,  also,  were  wont  to 
caU  him.  And  man's  power  of  making  may  show  itself 
not  only  in  the  beautiful  texture  of  language,  the  grand 
machinery  of  the  epic,  the  sublime  display  of  poetical 
^  imagery;  but  in  those  material  works  which  supply  the 
^BjSrigtnaU  from  which  arc  taken  the  derivative  terms  wbieb 
^pt  hftve  just  been  compelled  to  use  :  in  the  Textures  of  soft 
wool,  or  fine  linen,  or  glossy  silk,  where  the  fancy  disports 
itself  in  wreaths  of  visible  flowers;  in  the  Machinery 
Blighty  as  the  thunderbolt  to  rend  the  ouk,  or  light  as  the 
breath  of  air  which  carries  the  flower-dust  to  its  appointed 
place ;  in  the  Images  which  express  to  the  eye  beauty  and 
dignity,  as  the  poet's  verse  does  to  the  mind;  so  that  it  is 
difficult  to  say  whether  Homer  or  Phidias  be  more  truly  a 
poet.  That  mighty  budding,  tten,  along  the  aisles  of 
which  we  have  wandered  day  after  day  in  past  months, 
full  as  it  was  of  the  works  of  man,  contained  also  the 
works  of  many  who  were  truly  Makers ; — who  stamped 
upon  matter,  and  the  combinations  of  matter,  that  sig- 
Lificance  and  efficacy  which  makes  it  a  true  exponent  of 
^^ltbe  inward  activity  of  man.     The  objects  there,  the  sym- 
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ffiMM*nMM  M  Ac  cnnsvi  ••  Mtk  s  fsffiiy  wiBg  B"" 

I  Ar  mitkmm  mom  to  W<c  wrirad.  Vc  uMt  nov 
r  wlMt  UhOmwm  hmn  mimmi,  mai  vhr ;  annl 
f  to  MMtjw  tbc  voriu  whid  wc  bm  Unn  fmed  apra, 
iul  to  AttMifrr  the  principles  of  tbetr  eieeUeocv.  As  tbf 
i'tWti  '4  Ultnry  art  nidcsvoan  to  <Iiu«ra  tlie  Um  of 
I  n*lnr«  by  which  h?  can  produce  that  which  is 
linniiMritl  Niiil  ]Mmn(a\,  ofKnling  through  the  medium  of 
l«lt)(M«f(r,  Ml  the  Critic  iifiiiich  art  as  we  have  had  here 
|ir oaf II toil  to  11* — of  maifrinl  nrt,  sa  we  may  term  it — 
DtHlraiiiiiir*  lo  <li>ri<rii  tli't  laws  of  materia)  nature ;  to 
lnHril  luiw  iiiHii  rail  nrt  by  iIichp,  operating  through  the 
niMlliMii  of  iiiallrr,  niid  thim  produce  beauty,  aud  utility, 
«i)i1  pnwcr,  'rill*  kind  of  criticism  appears  to  be  the 
IMlllvnl  uiid  ph'iirr  unpn-l  to  Kuch  a  great  burst  of  pro- 
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dnrtion  and  exhibition  as  wc  have  had  to  witness— to 
discover  what  the  lawa  of  operative  power  are,  after  having 
had  so  great  a  manifestation  of  what  they  do. 

To  discover  the  laws  of  operative  power  in  literary 
Torks,  though  it  claims  no  small  respect  under  the  name 
L  of  Criticism,  is  not  commonly  considered  the  work  of  a 
Kieienee.  But  to  discover  the  laws  of  operative  power  in 
material  productions,  whether  formed  by  man  or  brought 
into  being  by  Nature  herself,  is  the  work  of  a  science,  and 
is  indeed  what  we  more  especially  term  Science ;  and 
thus,  in  the  case  with  which  we  have  to  do,  wc  have, 
instead  of  the  Criticism  which  naturally  comes  after  the 
general  circulation  of  Poetry,  the  Science  which  naturally 
oomcs  after  a  great  cxhibitioa  of  Art ;  two  cases  of  euc- 
ceasion  connected  by  a  very  close  and  profound  analogy. 
That  this  view  of  the  natural  and  general  succession  of 
acience  to  art,  as  of  criticism  to  poetry,  is  not  merely 
foncifiil  and  analogical,  we  may  easily  convince  oursclvea 
bj-  looking  for  an  instant  at  the  progress  of  art  and  of 
science  in  past  times.  For  we  see  that,  in  general,  art 
haa  preceded  science.  Men  have  executed  great,  and 
coHoua,  and  beautiful  works  before  they  had  a  scientific 
iiiffight  into  the  principles  on  which  the  success  of  their 
labours  was  founded.  There  were  good  artificers  in  brass 
I  before  the  principles  of  the  chemistry  of  metals 
r  known ;  there  was  wine  among  men  before  there 
a  philosophy  of  vinous  fermentation;  there  were 
'  masses  raised  into  the  air,  cyelopean  walls  and 
mirchs,  obelisks  and  pyramids — probably  gigantic  Doric 
lara  and  entablatures — before  there  was  a  theory  of  the 
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mechanical  poweis.  Tlie  earlier  generations  did;  th^ 
later  explained  that  It  had  been  possible  to  do.  An  vra* 
the  mother  of  Science :  the  vigorous  and  comely  mother 
of  a  daughter  of  far  loftier  and  aerener  beauty.  And  as  it 
had  been  in  the  period  of  scientific  activity  in  the  ancient 
world,  10  waa  it  again  in  the  modern  period  in  which 
Science  began  her  later  growth.  The  middle  agea  pro- 
duced or  improved  a  vast  body  of  arts.  Parchment  and 
paper,  printing  and  engraving,  glass  and  steel,  compass 
and  gunpowder,  clocks  and  watches,  microscopes  aiid 
telescopes,  not  to  speak  of  the  man-els  of  architecture, 
sculpture,  and  painting,  all  had  their  origin  and  progress, 
while  the  sciences  of  recent  times  were  in  their  cradle  or 
were  unborn.  The  davrn  of  the  sixteenth  century  pre- 
sented, as  it  were,  a  Great  Exhibition  of  the  works  which 
men  had  been  producing  from  the  time  of  the  downfall  of 
Roman  civilisation  and  skill,  There,  too,  might  be  seen, 
by  him  who  travelled  fram  land  to  land,  beautiful  textures, 
beautiful  vessels  of  gjold  and  bronze,  of  porcelain  and  glass, 
wonderful  machines,  mighty  fabrics ;  and  from  that  time, 
stimulated  by  the  sight  of  such  a  mass  of  the  works  of 
human  skill, — stimulated  still  more  by  the  natural  working 
of  those  powers  of  man  from  which  such  skill  had  arisen, 
— men  were  led  to  seek  for  science  as  well  as  art ;  for 
aeience  as  the  natural  complement  of  art,  and  fulfilment  of 
the  thoughts  and  hopes  which  art  excites ; — for  science  as 
the  fully  developed  blossom,  of  which  art  is  the  wonder- 
fully involved  bud.  Stimulated  by  such  influences,  the 
icicntific  tendencies  of  modern  Europe  took  their  starting 
impulse  from  the  Great  Exhibition  of  the  prodnclions  of 
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the  middle  ages  nhlch  bad  accumulated  in  tbe  sixteenth 
century ;  and  have  evei-  since  been  working  onwards,  with 
ever- in  creasing  vigour,  and  in  an  ever-expanding  sphere. 

As  the  successful  scientific  speculations  of  (he  last 
three  centuries  have  been  the  natural  sequel  to  the  ait- 
eoergies  of  the  preceding  ages,  so  must  the  newest  scien- 
tific speculations  of  our  contemporaries  and  their  suc- 
cessors, in  order  to  be  successful,  be  the  result  and  con- 
sequence of  the  powers,  as  yet  often  appearing  in  the 
luidevelopcd  form  of  art  alone,  which  exist  among  us  at 
the  present  day.  And  thus  a  great  spectacle  of  the  works 
of  materia]  art  ought  to  carry  with  it  its  scientitic  isural. 
And  the  opportunities  which  we  have  lately  had  of  survey- 
ing the  whole  of  the  world  in  which  art  reigns,  and  of 
appreciating  the  results  of  its  sway,  may  well  be  deemed 
too  valuable  to  be  let  slip  for  the  purposes  of  that  scientific 
speculation  which  is  the  proper  sequence  of  such  occasions. 
So  it  has  seemed  to  those  who  have  from  the  beginning 
lijfly,  and  comprehensive,  and  hopeful  view  of  the 
idertaking  of  which  the  first  act  is  now  completed  ; 
and  especially  to  that  mind  which  has  always  taken  the  most 
lofty,  and  comprehensive,  and  hopeful  view. 

And  in  order  to  carry  into  effect  this  suggestion,  it  has 
been  determined  that  persons  well  qualified  to  draw  from 
the  spectacle  the  series  of  scientific  morals  which  it  offers, 
should  present  them  to  you  here; — that  critics  should 
analyse  for  you  some  of  the  fine  compositions  with  which 
you  have  become  acquainted ; — that  men  of  science  should 
nphiiii  to  you  what  you  ought  to  learn  from  such  an 
ohibitioD  of  art.     And  it  has  been  thought  that  it  might 
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not  be  useless  that  you  should  be  reminded,  in  the  fi 
place,  how  great  and  unique  the  occasion  is,  and  I 
peculiar  are  some  of  the  lessons  which   even   the    ' 
general  spectator,  unfit  to  enter  into  the  details  of  ai 
the  special  arts,  may  draw  from  It. 

For  indeed  it  ia  obvious,  at  a  glance,  how  great  and 
unexampled  is  the  opportunity  thus  giveu  to  us,  of  taking 
a  survey  of  the  existing  state  of  art  in  every  part  of  the 
world,  I  have  said,  that  if,  in  the  sixteenth  century,  an 
intelligent  spectator  could  have  travelled  from  land  to 
land,  he  might,  in  that  way,  have  seen  a  wonderful 
collection  of  the  works  of  man  in  many  different  coun- 
tries ;  and  combining  all  these  in  his  thoughts,  he  would 
have  had  in  hia  mind  a  representation  of  the  whole 
progress  of  human  art  and  industry  up  to  the  last 
moment,  and  a  picture  of  the  place  which  each  nation 
at  that  moment  occupied  in  the  line  of  that  progress. 
But  what  time,  what  labour,  what  perseverance,  what 
hardships,  what  access  to  great  and  powerful  men  in  every 
land,  what  happiness  of  opportunity,  would  be  implied  in 
the  completion  of  such  a  survey  !  A  life  would  scarcely 
suffice  for  it;  a  man  could  scarcely  be  found  who  would 
achieve  it,  with  all  appliances  and  means  which  wealth  and 
power  could  give.  He  must,  like  the  philosophers  of 
ancient  days,  spend  all  his  years  of  vigour  in  travelling; 
must  roam  in  the  varied  regions  of  India;  watch  ihe  arti- 
san in  the  streets  of  the  towns  of  China;  dive  into  the 
"lines  of  Norway  and  of  Mexico  ;  live  a  life  in  the  work- 
I  of  England,  France,  aud  Germany;  and  trace  the 
n  tide  of  industry  and   art  as  it  spreads  over  the 
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▼alley  erf  the  Miasiaaippi.  And  when  he  bad  done  all  this, 
and  however  carefully  he  bad  done  it,  yet  how  defectiYfl 
unst  it  be  at  least  in  one  point !  How  far  must  it  be 
from  a  KimuUaneom  view  of  the  condition  of  the  whole 
globe  as  to  material  arta !  During  the  time  that  he  has 
been  moving  from  place  to  place,  the  face  of  the  wurld  hai 
be«n  rapidly  changing.  When  he  saw  Tunis  it  was  a 
Wrbarous  slate;  now  that  he  has  to  make  up  his  account, 
IB  the  first  which  axka  for  a  leading  place  among  the 
ized  communities  of  the  industrial  world.  When  he 
iaitcd  the  plains  of  Iowa  and  Wisconsin,  they  were  wild 
they  arc  now  the  fields  from  which  the  cereal 
harvest  is  swept  by  the  latest  impi-oved  reaping  machine, 
When  he  was  at  the  antipodes,  the  naked  savage  offered 
the  only  specimeu  of  art  in  his  rude  club  and  frail  canoe ; 
now  there  is  there  a  port  whose  lofty  ships  carry  ri'gularly 
to  European  markets  multiplied  forms  of  native  produce 
and  manufactures.  Even  if  his  picture  be  complete  as  to 
surface,  what  anachronisms  must  there  be  in  it  !  How 
much  that  expresses  not  the  general  view  of  the  eai'th,  but 
the  accidental  peculiarities  of  the  traveller's  personal 
ilivel  And  then,  how  dim  nmst  be  the  images  of 
le  thiu^  seen  many  years  ago  compared  with  that  which 
present  to  the  eye !  How  impossible  to  compare  the 
one  with  the  other — the  object  now  seen  in  age  with  a 
titnilar  object  remembered  in  youth  !  And  after  all,  when 
we  have  assumed  such  a  traveller — such  a  one  as  never 
has  been — the  Ulysses  of  modern  times —  seeing  the  cities 
of  many  men,  and  knowing  their  minds — seeing  the 
workshops  of  all  nations,  and  knowing  their  arts — we 
Ssve  bor  one  such.     His  knowledge  is  only   his.     He 
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cannot,  in  any  clear  or  effective  manner,  communicate  a 
large  portion  of  it  to  others.  It  exists  only  for  bim— ' 
perishes  with  him.  And  notr  let  us,  in  the  license  i 
epical  imagination,  suppose  such  an  Ulysses  - 
seeing,  much-wandering,  much-enduring — to  come  '. 
some  island  of  Calypso,  some  well-inhabited  city,  undl 
the  rule  of  powerful  and  benignant,  hut  plainly,  he 
believe,  superhuman  influences,  and  there  to  find  that 
image  of  the  world  and  its  arts,  which  he  had  vainly  tried 
to  build  up  in  his  mind,  exhibited  before  hia  bodily  eye  in 
a  vast  crystal  frame ; — true  in  every  niinnteat  thread  and 
hue,  from  the  sparkle  of  the  diamond  to  the  mighty  bulk 
of  the  colossus ;  true  to  that  which  belongs  to  every  part 
of  the  earth ;  and  this,  with  the  effects  which  the  arts 
produce,  not  at  the  intervals  of  the  traveller's  weary 
journey,  but  everywhere  at  the  present  hour.  And,  fur- 
ther, let  him  see  the  whole  population  of  the  land — 
thousands  upon  thousands,  milhons  upon  millions,  stream- 
ing to  this  fight,  gazing  their  till,  day  after  day,  at  this 
wonderful  vision,  inviting  the  men  of  neighbouring  and  of 
distant  lauds  to  gaze  with  them;  looking  at  the  objects, 
not  like  a  fairy  picture  in  the  distant  clouds,  but  close  at 
hand;  comparing,  judging,  scrutinizing  the  treasures  pro- 
duced by  the  all-bounteous  earth,  and  the  iudocnitable 
efforts  of  man,  from  pole  to  pole,  and  from  east  to  west; 
or,  as  he  would  learn  more  truly  to  measure,  from  east  to 
east  again.  When  wc  have  supposed  such  a  vision,  do  we 
not  seem  to  have  gone  beyond 


all  the  wonders  of  that  wondrous  ancient  Odyssean  tale  ? 
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And  yet,  in  making  such  a  supposition,  have  we  not 
been  exactly  describing  that  which  we  have  seen  within 
these  few  months  ?  Have  not  we  ourselves  iradi;  part  of 
the  population  of  such  a  charmed  isle,  —  uf  the  crowds 
wliteh  have  gazed  on  such  a  magic  spectacle  ? 

But  DOW  that  we  have  had  the  spectacle  before  us,  let 
m  coDsider  fur  a  moment  what  the  vision  was,  and  what 
.were  the  reflections  which  it  excited.  We  had,  offered  to 
I'Oor  review,  the  choicest  productions  of  human  art  in  all 
Utioiis;  or,  at  least,  collections  which  might  be  considered 
■•  representing  all  nations.  Now  in  nations  compared 
with  nations  there  is  a  difference;  in  a  nation  compared 
with  itself  at  an  earlier  time,  there  is  a  progress.  There 
maj  not  always  be  a  progress  in  good  government ;  there 
may  not  necessarily  be,  though  we  would  gladly  hope  that 
there  is,  a  progress  in  virtue,  in  morality,  in  happiness. 
But  there  always  is,  except  when  very  adverse  influences 
roll  back  the  common  course  of  things,  a  progress  in  art, 
■nd  generally  in  science.  In  the  useful  and  ornamental 
■rts  nations  are  always  going  forwards,  from  stage  to 
stage.  Different  nations  have  reached  different  stages  of 
thia  progress,  and  all  their  diS'erent  stages  are  seen  at 
once,  in  the  aspect  which  they  have  at  this  moment  in  the 
magical  glass,  which  the  enchanters  of  our  time  have 
made  to  rise  out  of  the  ground  like  an  exhalation.  The 
infancy  of  nations,  their  youth,  tlieir  middle  age,  and  their 
maturity,  all  appear,  in  their  simultaneous  aspect,  like  the 
most  distant  objects  revealed  at  the  same  moment  by  a 
flash  of  lightning  in  a  dusky  night : — or  we  may  compare 
tb«  result  to  that  which  would  be  produced,  if  wo  could 
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If  this  be  truly  the  relation  between  the  condition  of  the 
of  life  in  this  countrj  and  in  those  others,  may 
reason  and  with  gratitude  say  that  we  have,  indeed,  reached 
•  point  beyond  theirs  in  the  social  progress  of  nations  ? 

I  have,  perhaps,  detained  yon  too  long  with  these 
'genera!  reflections,  suggested  by  the  mere  general  aspect 
of  that  great  display  of  the  works  of  natioDs  in  ererv  stage 
of  progress,  which  we  have  Lad  lately  before  our  eyes. 
But  I  Lope  you  will  recollect,  that  I  began  by  claiming 
the  privilege  of  speaking  as  a  niere  spectator,  who  had  not 
had  oeeasion  to  study  the  objects  there  assembled  in  a 
special  and  official  manner.  There  is,  however,  one  view 
of  the  subject,  perhaps  a  little  less  obvious,  which  I 
should  wish  to  endeavour  to  bring  before  you :  I  mean, 
the  view  suggested  by  the  Cltusification  of  which  such  a 
collection  has  been  found  to  he  capable.  Perhaps,  at  the, 
first  thought,  it  might  be  supposed  to  divide  any  collection 
of  things,  however  numerous  and  various,  into  classes,  is 
a  work  of  no  great  difficulty,  though  when  the  collection 
is  great  it  may  require  much  time.  For,  it  might  he 
said.  You  have  only  to  determine  according  to  what  re- 
semblances and  what  differeuccs  you  will  make  jour 
classes,  and  then  to  go  through  the  work,  sticking  lo 
these.  But  any  one  who  has  attended  a  little  more  to 
the  science  of  classification,  or  even  who  has  made  the 
attempt  on  any  considerable  scale,  knows  that  this  is  not 
so :  and  that  except  the  scheme  of  classes  be  ver\'  skilfully 
and  very  happily  devised,  it  lands  us  in  intolerable  in- 
congruities and  even  in  impossibilities.  Indeed,  without 
seeking  any  exemplification  of  this  remark  in  the  classifi- 
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L  sciences,  which  can  throw  on  this  subject  only  a 
t  and  iloiiblful  light,  we  have  experimental  evidence 

of  the  difficulty  of  classifying  a  great  collection  of  the 
prodaets  of  art  and  industry,  in  the  attempts  which  were 
made  to  perform  that  task  on  the  occasions  of  the  French 
Etpotilioiu  in  180G,  in  1819,  in  1827,  in  1831,  and  in  1844.' 
On  the  first  occasion,  the  distribution  adopted  was  entirely 
geo)traphicalj_  on  the  second,  it  was  what  was  called  an 
entirely  material  or  naturaW}stemi_dividing  the  arts  into 
thirty -uiuB  headsjthe  consequence  of  which  is  said  to 
have  been  great  confusion.  In  1827  a  purely  scientific 
arraogemcnt  was  attempted,  into  five  great  divisions, 
namely,  chemical,  mechanical,  pkijsical,  economical,  and  mis- 
cellaneous arts.  But  this  was  deemed  too  artificial  and 
abstract,  and  in  1834  !\1.  Dupin  made  the  division  depend 
oo  the  relation  of  the  arts  to  man,  as  being  alimentary, 
raniVory,  vexliary,  domiciliary,  locomotive,  sensitive,  intel- 
al,  preparative,  social.  This  analysis  was  also  adhered 
pin  1839.  In  1841  an  attempt  was  made  to  unite  some 
I  of  the  previous  systems,  and  the  objects  were 
woven,  mineral,  mechanical,  mathematical,  che- 
mical, fine  arts,  ceramic,  and  miscellaneous;  which  was  still 
complained  of  as  confused,  but  which  was,  on  the  whole, 
retained  in  1849. 

1  do  not  think  there  is  any  presumption  in  claiming 
for  the  classification  which  has  been  adopted  in  the  Great 
ExbibitioD  of  1851  a  more  satisfactory  character  than  we 
can  allow  to  any  of  those  just  mentioned,  if  we  ground 
our  opinion  cither  upon  the  way  in  which  this  last  cUssi- 
a  was  coustrncted,  or  upon  the  manner  in  which  it 
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k»  Wed  fiNmd  to  muA.     And  tWre  k  one 
Sewlme  in  it  «kc^  nnple  ■*  k  B^seen,  BtaDCt 
s  aev  «i»Mmi»Mula*M«       !■  the  wnteaa  alrem 
tiosed  there  woe  no  ymimtwma  cf  clmiificiticM. 
were  a  eertaia  nnndwr,  thirty-nine  or  five,  nine  or 
of  eo-ordiBatc  chwra,  and  tint  naa  all.     In  the 
tnent  of  the  Great  Exfaibitioa  at  1851,  by  a  , 
bappy  tbon^t,  ■  diTisioti  «aa  adopted  of  tb«  objecta  i 
nfaibited  into  four  great  SedioH*,  to  which  other 
afterward*    established,    irere   to    be   sob(»dinate 
■ectioQi  bein^  Raw  MateruilM,  Maelmery,  Manufactured 
Goodt,  and  the  work*  of  the  Fhu  Artt. 


gram 


id  division  i 


The  eff«t  of  this 
highly  bene^eial,  for  nithin  each  of 


these  tiectiuns  classes  coald  be  formed  far  more  homo- 
geneims  tbaii  was  possible  while  these  sections  were  all 
thrown  into  one  mass:  when,  for  instance,  the  eotton- 
trre,  the  loom,  and  the  muslin,  stood  side  by  side, 
belonging  to  vatiary  art ;  or  when  woven  and  dyed  g 
were  far  removed,  as  being  gjamples,  the  former  of  ■ 
chanical,  the  latter  of  chemical  processes.  Suitable  g 
diition  is  the  felicilij  of  the  ctasatfying  art,  and  so  it  1 
found  to  be  in  this  instance. 

But  within  this  limit  how  sball  classes  be  fonnoQ 
Here,  also,  it  appears  to  me,  simply  as  a  reader  of  the 
history  of  the  Exhibition,  which  any  one  else  may  read, 
that  the  procedure  of  those  who  framed  the  classification 
was  marked  with  sound  good  sense  and  a  wise  rejection 
of  mere  technical  rules.  For  by  assuming  fixed  and  uni- 
form principles  of  classification  we  can  never  obtain  any 
but  an  artiBcial  system,  which  will  be  found,  iu  practice. 


tide,  as 

fegj 

ormeoH 


^  wmf? 
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to  sqmrate  things  naturally  related,  and  to  bring  together 
objects  quite  uneonnected  with  each  other.  It  was  deter- 
mined, that  within  each  of  the  four  aeetiona  the  divisiuna 
whidt  had  been  determined  by  commercial  expenence  to  be  ■ 
most  convenient  should  be  adopted.  "  Eminent  men  of 
science  and  of  manufacturea  in  all  branches  were  invited  to 
n^asiet  in  druwing  each  one  the  boundaries  of  his  own  ape- 
aal  class  of  productions."*  And  it  was  resolved,  for  the 
general  purpoaea  of  the  Exhibition,  to  adopt  thirty  broad 
divi&iou«;  of  which  Classes,  4  were  of  Raw  Materials;  6  of 

ilunery ;  19  of  Manufactures ;  and  1  of  the  Fine  Arta. 
these  thirty  Classes  may  be  considered  as  having  been 
nnfinned  by  their  practical  application  to  the  collection, 
and  to  the  work  of  the  juries  in  dealing  with  it;  L'xcept 
that,  in  some  inataucea,  it  was  found  necessary  to  aub- 
dividc  a  claaa  into  others.  Thus,  Class  X.,  which  was 
originally  described  as  Philosophical  Iiislrument^,  was 
foand  to  consist  of  materials  so  heterogeneous,  that  there 
were  separated  from  it  three  classesj  of  Musical,  of  Iloro- 
logical,  and  of  Surgical  Instruments.  And  to  Class  V., 
]hiM:hiDCS,  was  added  an  Accessory  Claas,  V a,  Caniagea. 
And,  on  the  other  hand,  Claaaea  XII.  and  XV.,  Woollen 
and  Worsted,  it  waa  found  could  be  advantageously 
thrown  into  one. 

Within  theac  Classes,  again,  were  other  subdivisions, 
which  were  marked  in  the  Catalogue  by  letters  of  the 
alphabet.  Thus,  the  Third  Claas  consists  of  substances 
vted  for  food;   and  of  these  the  vegetable  diviaion  con- 


^^fa  /«  •<  nil 


DllUtnled  Cilalogue,"  lutrud.  p.  22. 


tHiii«  Huh-flfum,  A,  II,  C,  D,  E,  P,  Gi  t^  «^  I 

,',umU,nm\  ll»>  likm  t\ie  teeo/ui,  frvitt :  thetkir^d 
HItil  «■■  nil.     Ami  ill  likr  nmnncr,  the  Sixdi  Claw,  i 
■  fiU'turtH/f  HiifMiHM  ami  holn,  lirwl  Sub-cluae*,  A,  B,  C 
H|  1^  I  H  A,  nil  »pHH  »nd  woven  fahrie*:  B,  mm 
Hf  m»t»bii    V,  mmtu/nrlwH  of  miiurali  tmJ  m 
rhhny,  miil  \\w  Itkis 

Anil,  nKntn,  niifU  ot  tUcH-  Siib-claases  was 
mill  lliwil*,  liy  muiilH<ra.    Tliu»,  the  Siib-cUss,  t 
till'  liliT',  dw,  1,  lltii  ffimmm  etTfah:  2,  the  Uu  c 
II,  miltff  :    I,  fittfc*  »Mt  ettMf-food;  5,  grasses  and  r 
II.  ifiMini  (KnittHil  RrwiMl  i  7,  ot/  wwfc ;  8,  hops.    An 
NHti'i'lm*  A,  iif  MMii«|/tii^rMr)i^  wDr-AJrlM  oni/  /oo/f,  ilK 
\\w  lli'MiU,   t,  NMoAtwry /■•(■  Sftinuinff  and  vfariny  t 

Akm-  ,  rt,  fiirfiM-«i4*^f .  A,  |Miitli*;r.     And  to  show  1 
iMHvh  )i«i(>hi'«l  ('vpcnrticr  jpurmed  llieae  sub-divisions, ■ 
inny  mwmiMt.  ili«i  jttpbi  kid  in  this  task  was  f 
l\w  'IVhiW  i)trKtttnQi  i^  Itirniin.eham  and  Manches 
kM«t  vilhrt  jrrp«t  nmMufitwxirtni:  twwns. 

I  Uw  fs^lowisl  Ikift  rlinaitimtioa  into  the  olti 
«i(mfic«t>i\«  .\|'  iltp  (^*i»W«f:n«',  M  the  mk  of  being,  I 
Ir^HiK  f^r  *  n»04»n)t ;  parth-  bmnw  1  wiah  to  nuike  a 
(l(vtii.<«  ui^w  It:  and  i<«rtU',itba,  that  TcmnnT-a 
v»M  <in.iti  m  prtf wvMsl  if  Ot»  t^KMfiaimi  be  naDjr  a 
■■asowaa.  FVw.6m,t«r«}TwriMram»MtbBaKS 
«Uc«i  I  h»TC  MMlMMidl :  thi*  Msk  Hwd  ndaia  ■ 
tiaa  Aw>— J  wthiatty  fc>d>  Pif  >(»  fat—liiM,  I 
ABiwiliiBl.rfaBfahmi«C«am>.wwl.fci,l 
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of  Sub-class  A.  Under  this  Head,  or  under  the  first 
ParticaUr  Uead,  cotton,  are  very  many  Articles  in  the  Great 
Exhibition.  Besides  this  Particular  Head,  and  the  other 
Particular  Heads,  wool,  flax,  caoutchouc,  &c.,  included  in 
the  General  Hrad  I,  there  are  two  other  Heads  in  this 
Sob-class,  each  of  like  extent.  Along  with  this  Sub-closa 
A,  are  also  Sub-classes  B,  C,  D,  E,  F,  each  of  an  extent 
not  much  inferior  to  A ;  and  thus,  this  Class  VI.  contains 
■  great  mass  of  Heads,  each  including  a  vast  number  of 
Aitides.  Yet,  in  the  Catalogue,  this  Class  VI.  is  one  of 
llw  unalleat  extent  of  all  the  thirty.  And  though  this 
BUT  arise  in  part  from  same  of  the  others  being  followed 
oat  into  greater  comparative  detail  than  this  Class  VI,,  yet 
•till  enough  will  remain  in  this  mode  of  putting  the  matter 
lo  ahow  to  you  how  vast  and  varied  is  the  mass  of  objects 
which  baa  thus  been  clas^^iified,  and  how  great  the  achieve- 
mcat  ia  if  this  mass  have  really  been  reduced  into  permanent 
;  if  this  chaos,  not  of  elements  only,  but  o£,raw 
iab  mixed  with  complicated  machincsj  with  manu- 
tds  and  scuiptiireiTforms,  have  really  been  put 
i  B  shape  in  which  it  will  permanently  retain  traces  of  the 
ordering  baud. 

What  the  value  and  advantage  would  be  of  a  permanent 
and  generally  accepted  classification  of  all  the  materials, 
instnuncnts,  and  productions  of^human  art  ^nd_  industry, 
yon  will  none  of  you  require  that  I  should  explain  at 
length.  One  consequence  would  be  that  the  manufacturer, 
the  mso  of  science,  the  artisan,  the  merchant,  would  have 
a  acttJcJrommon  language,  in  which  they  could  speak  of 
ibjects  about  which  they  are  concerned.   It  is  needless 
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to  point  out  how  mui^b  this  would  facilitate  and  promot^^^ 
their  working  together;  how  fatal  to  gg-operatiop  ia  diver— — ; 
sity  and  ambiguity  ia  the  language  used.  One  of  our  oldK 
verse  writers,  expanding,  according  to  the  euggestions  OC^ 
his  fancy,  the  account  of  the  failure  of  men  in  the  case  4 
the  tower  of  Babel,  has  made  this  cause  of  failure  vc^ 
prominent.  He  supposes  that,  the  language  of  the 
men  being  confounded,  when  one  of  tliem  asked  fw  -) 
spade,  his  companion  brought  him  a  bucket;  or  when  | 
called  for  mortar,  handed  him  a  plumb-hne  ;  and  that,  I 
the  constant  recurrence  of  these  incongruous  proceediD) 
the  work  necessarily  came  to  a  stand.  Now  the  conditiol 
necessary,  in  order  that  workmen  may  work  togetha 
really  go  much  farther  than  the  use  of  a  common  languaj 
in  the  general  sense  of  the  phrase.  It  is  not  only  ncceaa 
that  they  should  call  a  brick  a  brick,  and  a  v 
and  a  nail  a  nail,  and  a  tube  a  tube,  and  a  wheel  a  v>h 
but  it  is  desirable,  also,  that  wires,  and  nails,  and  tul 
and  wheels,  should  each  be  classified  and  named,  so  t 
all  bricks  should  be  of  orkc  size,  so  that  a  wire  number  | 
or  a  tube  section  1,  or  a  six-inch  wheel,  should  hare 
fixed  and  de6nite  signification ;  and  that  wires,  and  tabf 
and  wheels,  should  be  constructed  ao  as  to  correspond  | 
such  significations ;  and  even,  except  for  special  purp< 
no  others  than  such.  It  may  easily  be  conceived,  : 
instance,  how  immensely  the  construction,  aOjustmei 
and  repair  of  wheel-work  would  be  facilitated,  if  wheels  of 
a  certain  kind  were  all  made  with  teeth  of  the  same  kind, 
80  that  any  one  could  work  In  any  other.  And  somethi 
of  this  Bort,  something  which  secures  some  of  these  a 
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tkiikfldvtntages^  has  been  done  with  reference  to  cast- 
inm  toothed  wheels.  And  an  eminent  engineer^  whose 
vorfa  itood  in  the  Sixth  Class  of  the  collection  to  which  I 
kre  just  referred^  has  proposed  a  system  by  which  a  like 
uifonnity  should  be  secured  in  the  dimensions  and  fitting 
of  machinery ;  and  especially  with  regard  to  screws ;  jpring 
tluu  their  exact  diameter  and  pitchy  as  it  is  called — a 
pnxess  which  would  have  the  Uke  effect  of  making  the 
constraction^  application^  and  repair  of  all  work  into  which 
»m  enter  vartly  more  easy  and  expeditious  than  it  now 
it.  !(fow  these  are  the  great  and  beneficial  effects  which 
foDow  from  a  good  and  generally  accepted  sub-classification 
of  one  of  the  lowest  members  of  that  classification  which 
tie  Catalogue  exhibits  to  us.  Mr.  Whitworth  would 
classify  screws^  and  wheels^  and  axlcs^  as  the  millwrights 
We  classified  toothed  wheels.  But  screws^  or  wheels^  or 
ules,  are  merely  one  kind  of  tool^  one  element  of  machin- 
ery; and  tools  and  machinery  are  only  one  class  out  of 
tUrty  of  the  great  collection  of  which  we  are  speaking. 
^  then,  so  great  benefits  arise  from  a  common  understand- 
iiig  ts  to  the  species  of  one  of  the  lowest  members  of  our 
dattification>  may  we  not  expect  corresponding  advantages 
f^m  a  fixation  of  the  names  and  distinctions  of  the  higher 
numbers? — of  the  names   of  tools   and  machines,   for 

• 

instance ;  and  from  a  perception  of  their  relations  to  each 
otber,  which  a  good  classification  brings  into  view ;  and 
then,  again,  from  a  clear  perception  of  the  relation  of  class 
to  class,  and  of  their  lines  of  demarcation  ?  And  may  we 
not  expect  that  on  such  grounds,  the  very  language  of  Art 
lod  Industry,  and  the  mode  of  regarding  the  relations  of 
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their  products,  shall  bear  for  ever  tW  impress  of  the  Gre 
KxhibitioQ  of  1851  ? 

There  is  ouc  other  retuarlc  which  I  should  wish  t-^*' 
make,  suggested  by  the  classilicBtion  of  the  objects  of  th>^t3 
'Bxhibitioii ;  or,  rather,  a  remark  which  it  is  possible  tc^^ 
express,  only  b«caxise  wc  hove  such  a  classificatioa  befor^^ 
Utt.  It  is  iw  important  character  of  a  right  classiticatioD^P' 
that  it  iiiakirs  genrrnl  propositions  possible ; 
which  we  may  safely  regard  as  well  grounded,  since  1 
hoB  been  d('1in>red  iudo|icndcntly  by  two  persons,  no  1 
different  (ram  on<'  another  than  Cuvier  and  Jeremy  Benthai 
Now,  in  nccordanec  with  this  maxim,  I  would  remu 
that  there  are  general  reflections  appropriate 
of  the  divisions  into  which  the  Exhibition  is  by  its  dai 
(Ication  distributed.  For  example :  let  us  compare  1 
Virst  Class,  Mining  and  Mineral  Products,  w  jth  the  Sec 
Class,  Chemicttl  ProctsSfs  and  Products.  In  looking  i 
these  two  classes,  we  may  sec  some  remarkable  contn 
between  them.  The  first  class  of  arts,  those  which  i 
employed  in  obtaining  and  working  the  metals,  are  amo^ 
the  most  ancient ;  the  second,  the  arts  of  manufactn 
chemical  products  on  a  lai^  scale,  are  among  the  t 
modem  which  exist.  In  the  former  class,  as  I  hai 
Art  existed  before  Science;  men  could  shape,  and  i 
and  purify,  and  combine  the  metals  for  their  pr«ct: 
purposes,  before  they  knew  anything  of  the  chemistryfl 
metals ;  before  tbey  knew  that  to  purify  them  was  to  c 
oxygen  or  sulphur;  that  combination  maybe  definite 4 
indefinite.  Tubal-Cain,  in  the  first  ages  of  the  world,  n 
"  the  instrocter  of  cvctj  artificer  in  brass  and  iron ; " 
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it  was  very  long  before  tLere  came  an  iustnicter  to  teacli 
what  was  the  ])liilDsophical  import  of  the  artificer's  prac- 
tices.    Ill  this  case,  as  I  have  already  said,  Art  procedcd 
:8Gieiice  :  if  even  now  Science  has  overtaken  Art  j  if  even 
can   tell   us  why  the   Swedish   steel  is  still 
latched,  or  to  what  peculiar  composition   the  Toledo 
owes  its  fine  temper,  which  allows  it  to  coil  itself 
Vp  in  its  sheath  when  its  rigid  thrust  is  not  needed.      Here 
Ah  has  preceded  Science,  and  Science  has  barely  overtaken 
Art.     But  in  ihe  second  class,  Science  has  not  only  over- 
:eB  Art,  but  is  the  whole  foundation,  the  entire  creator 
the  art.     Here  Art  is  the  daughter  of  Science.     The 
chemical ,  manufactories  which  have  sprung  np    at 
liverpoo!,  at  Newcastle,  at  Glasgow,  owe  their  existence 
cOtii«ly  to  a  profound  and  scientific  knowledge  of  chemis- 
Tliese  arts  never  could  have  existed  if  there  had  not 
a  science  of  chemistry ;  and  that,  an  exact  and  philo- 
licaJ  science.     These  manufactories  now  arc  on  a  scale 
least  equal   to  the  largest  establishments  which  exist 
loog  the  successors  of  Tubal-Cain.     They  occupy  spaces 
smaller  than  that  great  building  in  which  the  produc- 
of  all  the  arts  of  all  the  world  were  gathered,  and 
llicre  wc  so   often  wandered  till  our  feet  were  weary. 
ley  employ,  some  of  them,  five  or  sLt  large  steam-engines  ; 
eltoot  up  the  obelisks  which  convey  away  their  smoke 
fames  to  the  height  of  the  highest  stcepks  in  the 
d ;  they  occupy  a  population  equal  to  that  of  a  town, 
«lio«e  streets  gather  round  the  walls  of  the  mighty  work- 
Yet   these   processes   are   all   derived  from   the 
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chemical  theories  of  the  last  and  the  present  centuiy^;^ 
from  the  investigations  carried  on  in  the  laboratories  o^E 
Scheele  and  Kirwan,  Berthollet  and  Lavoisier.  So  rapidly" 
in  this  case  has  the  tree  of  Art  blossomed  from  the  roo&- 
of  Science ;  upon  so  gigantic  a  scale  have  the  truths  oF^ 
Science_becu  embodied  inihe^niain  of  Art. 

Again,  there  is  anotber  remark  which  we  may  make  in 
comparing  the  First  Class,  Minerals,  witli  the  Third  Class; 
or  rather  with  the  Fourth,  Vegetable  and  Animal  Svi- 
stances,  used  in  manufactures,  or  as  implements  or  ornaments. 
And  1  wish  to  speak  especially  of  vegetable  substances. 
Id  the  class  oi Minerals,  all  the  great  members  oftbe  class 
are  atill  what  they  were  in  ancient  times.  No  doubt  & 
number  of  new  metals  and  mineral  subst&nces  have  been 
discovered ;  and  these  have  their  use ;  and  of  these  the 
Exhibition  presented  fine  examples.  But  still,  their  use  is 
upon  a  small  scale.  Gold  and  iron,  at  the  pi'csent  day,  as 
in  ancient  times,  are  the  rulers  of  the  world;  and  the 
great  events  in  the  world  of  mineral  art  are  not  the  dis- 
covery of  new  substances,  but  of  new  and  rich  localities  of 

old  onea,^ — the  opening  of  the  treasures  of  the  earth  in 

Mexico  and  Peru  in  the  sixteenth  century,  in  Califor 
and  Australia  in  our  own  day.  But  in  the  vcgetaU 
world  the  ease  is  different;  thei-e,  we  have  not  only  t'" 
constant  accumulation  and  reproduction,  but  also  a  con- 
stantly growing  variety  of  objects,  fitted  to  the  needs  and 
uses  of  man.  Tea,  coffee,  tobacco,  sugar,  cotton,  have 
made  man's  life,  and  the  arts  which  sustain  it,  very  dif- 
ferent from  what  they  were  in  ancient  times,  And  no 
one,  I  think,  can  have  looked  at  the  vegetable  treasures 
of  the  Crystal  Palace  without   seeing  that   the  various 
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«<iilth  of  (be  vegetable  world  is  far  from  yet  exhauBted. 
The  LiTcrpooI  Local  Committee  have  enabled  us  to  take  a 
«tarting-poiDt  for  such  a  survey  by  sending  to  the  Ex- 
hibition   a  noble  collection  of  specimens  of  every  kind  of 
import  of  tbat  great  emporium  ;  among  whieh,  as  might 
be  expected,  the  varieties  of  vegetable  produce  arc  the  most 
munerotiF.     But  that  objects  should  be  reckoned  among 
mporlx,  implies  that  already  they  are  extensively  used.     If 
we  look  nt  the  multiplied  collections  of  objects  of  the  same 
kind,  «>nic  from  various  countrieSj  not  as  wares  to  a  known 
market,  bnt  as  specimens  and  suggestions  of  unexplored 
trciilth,  wc  can  have  no  doubt  that  the  list  of  imports  will 
krcaflt-r,  with  great  advantage,  be  enlarged.     Who  knows 
it  b<'autiful  materials  for  the  malceps  of  fupnittice  are  to 
found  in   the  collections  of  woods   from   tlie  various 
fbrcsls  of  the  Indian  Archipelago,  or  of  Australia,  or  of 
Tumanin,  or  of  New  Zealand  ?     Who    knows    what  we 
may  herrafter  discover  to  have  been  collected  of  fruits  and 
oils,  and  medicinex  and  dyes ;  of  threads  and  cordage,  as 
we  had  here  from  New  Zealand  and  from  China  examples 
^fi  tach  novelties ;  of  gums  and  vegetable  substances,  which 
^^■tar,  in  tome  unforeseen  manner,  promote  and  facilitate 
^^Bk  processes  of  art  ?     How  recent  is  the  application  of 
^^PlRmtchonc  to  general  purposes!     Yet  we  know  now  — 
^Vlad  on  this  oceasioa  America  would  have  taught  us  if  we 
^Pnd  not  known — that  there  is  scarcely  any  use  to  which 
it  may  not  he  applied  with  advantage.     If  a  teacher  in  our 
time  were  to  construct  maxims  like  those  of  the  son  of 
Sineh  in  the  ancient  Jewish  times  —  like  him  who  says 
(Kcclus.  xxxii.  26),  "The  principal  things  for  the  whole 
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use  of  man's  life  are  water,  fire,  iron,  and  salt,  flour  of  wheat, 
hoDcy,  milk,  and  the  blood  of  the  grape,  oil,  and  clotliiug" 
—  he  could  hardly  fail  to  make  additions  to  the  list,  and 
these  would  be  from  the  vegetable  world.  Again,  how 
recent  is  the  discoverj-  of  the  uses  of  gutta  pcrcha  !  In 
the  great  collection  were  some  of  the  original  specimens 
sent  by  Dr.  Montgomery  to  the  India  House,  whence  Hj)eci- 
meos  were  distributed  to  various  experimentalists.*  Yet 
how  various  and  peculiar  ai-e  now  its  uses,  such  as  so 
other  substance  could  replace !  And  is  it  nut  to  be  ex- 
pected that  our  contemporaries,  joiuing  the  insight  of 
science  to  the  instinct  of  art,  shall  discover,  among  tbe 
various  aourcea  of  vegetable  wealth  which  tbe  Great  Ex- 
hibition has  disclosed  to  them,  substances  as  peculiar  and 
precious,  iu  the  manner  of  tbeir  utility,  as  those  aids  thus 
recently  obtained  for  tbe  uses  of  life  ? 

And  before  we  quit  this  subject,  let  us  reflect,  as  it  is 
impossible,  I  think,  not  to  reflect,  when  viewing  thus  the 
constantly  enlarging  sphere  of  the  utility  which  man 
draws  from  the  vegetable  world,  what  a  view  this  also 
gives  us  of  the  bounty  of  Providence  to  man,  thus  bring- 
ing out  of  the  earth,  in  evei-y  varying  elimc,  endless  fonns 
of  vegetable  life,  of  which  so  many,  and  so  many  more 
than  we  yet  can  tell,  are  adapted  to  sustain,  to  cheer,  to 
benefit,  to  delight  man,  in  ways  ever  kind,  ever  large,  ever 
new,  and  of  which  the  novelty  itself  is  a  new  source  of 
delighted  coutemplation. 

I  might    go  on  to  make  other  reflections    upon    the 
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pMoIiir  Gharacters  of  the  varioas  classes  of  the  Great 
Sdiihition^  bat  the  time  does  not  allow  me,  nor  is  it 
nedfiil,  since  aU  that  I  aspired  to  do  was  to  offer  to  you 
fedfflens  of  such  reflections.     Several  of  the  classes  will, 

00  doabty  suggest  appropriate  reflections  to  those  who 
liave  to  deliver  lectures  to  you  on  special  subjects.  In 
the  meantimey  though  I  must  now  hasten  to  a  conclusion, 

1  eumot  but  perceive  how  imperfectly  I  have  discharged 
c^  the  limited  task  which  I  ventured  to  undertake, 
for  I  have  as  yet  said  nothing  of  the  effect  which  must  be 
produced  upon  art  and  science  by  this  gathering  of  so  many 
of  the  artists  and  scientists  (if  I  may  use  the  word)  of  the 
^orld  together ;  by  their  joint  study  of  the  productions  of 
vt  from  every  land,  by  their  endeavours  to  appreciate  and 
estimate  the  merits  of  productions,  and  instruments  of 
pnxluction ;  of  works  of  thought,  skill,  and  beauty. 

In  speculating  concerning  universities,  we  are  accus- 
tomed to  think  that,  without  underrating  the  effect  of 
lectures  and  tasks,  of  professors  and  teachers,  still  that 
among  the  most  precious  results  of  such  institutions  is  the 
effect  produced  upon  those  who  resort  thither  by  their 
intercourse  with,  and  influence  upon,  each  other.  We 
know  that  by  such  intercourse  there  is  generated  a  com- 
munity of  view,  a  mutual  respect,  and  a  general  sympathy, 
with  regard  to  the  elements  of  a  liberal  education,  and  the 
business  of  national,  social,  and  individual  life,  which 
clings  to  men  ever  after,  and  tends  to  raise  all  to  the  level 
of  the  best.  And  some  such  effect  as  this  would,  we  may 
suppose,  be  produced  upon  the  students  of  the  useful  and 
the  beautiful  arts   by  their   resort  to   any  university  in 
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coDimoD.  To  any  university,  I  have  said ;  but  to  what  a  -J 
wniversity  have  they  been  resorting  during  the  past  term  ? 
To  a  University  of  which  the  Colleges  arc  all  the  great 
workshops  and  workyarda,  the  schools  and  societies  of  arts, 
manufactures,  and  commerce,  of  mining  and  building,  of 
inventing  and  executing  in  every  land  —  Colleges  in  which 
great  chemists,  great  mechanists,  great  naturalists,  great 
inventors,  are  already  working,  in  a  professional  manner, 
to  aid  and  developc  all  that  capital,  skill,  and  enterprise 
can  do.  Coming  from  such  Colleges  to  the  central  Uni- 
versity, may  we  not  well  look  upon  it  as  a  great  epoch  in 
the  life  of  the  Material  Arts,  that  they  have  thus  begun 
their  university  career — that  they  have  had  the  advantage 
of  such  academical  arrangements  as  there  have  been  found, 
and  still  more,  as  I  have  said,  that  they  have  had  the 
greater  advantage  of  intercourse  with  each  other  T  May 
we  not  ejtpect  that  from  tins  time  the  eminent  producers 
and  manufacturers,  artisans  and  artists,  in  every  depart- 
ment of  art,  and  iu  every  land,  will  entertain  for  each  other 
an  increased  share  of  regard  and  good-will,  of  sympathy 
in  the  great  objects  which  man's  office  as  producer  and__ 
manufacturer,  artisan  and  artist,  places  before  him— 
respect  for  each  other's  characters,  and  for  the  comm 
opinion  of  their  body,  all  increased  by  their  being  able  tl 
say,  "  We  were  students  together  at  the  Great  Univer 
in  1851?" 
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Mineral  matter^  unlike  animal  and  vegetable  substances^ 
^not,  in  its  original  or  natural  state^  be  modified  by  man 
for  his  use.    While  he  can  obtain  important  varieties  of 
^mal  substances^  by  treatment  of  the  animals  themselves^ 
^r  by  perpetuating  certain  varieties  of  them^  and  can,  by 
^tare,  produce  valuable  modifications  in  plants,  or  their 
P&rts,  no  skill  of  his  can  alter  the  natural  condition  of  an 
^  in  the  mine.     His  power  commences  with  that  of  dis- 
covering the  mineral  matter  required  by  him.     Mineral 
^bstances  have  thus  to  be  regarded,  industrially,  as  essen- 
^ly  connected  with  the  means  of  extraction  and  the  after 
Processes  by  which  they  are  rendered  available  for  use. 
"bOe  plants  and  animals  differ  in  various  regions  of  the 
^,  and  the  traffic  connected  with  the  raw  materials 
^7  afford  is  adjusted  to  this  difference,  mineral  matter  of 
tbe  sime  character  may  be  discovered  in  any  part  of  the 
vorld,  at  the  Equator  or  towards  the  Poles ;  at  the  summit 
of  the  loftiest  mountains,  and  in  works  far  beneath  the 
ierel  of  the  sea.     The  granite  of  Australia  does  not  neces- 
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sarily  differ  from  that  of  the  British  Islands;  and  ores  o^ 
the  metals  may  {the  proper  geological  conditioiiB  prevail- 
ing) be  found  of  the  same  general  character  in  all  regions- 
Climate  and  geographical  position  have  no  influence  on 
the  composition  of  mineral  substances. 

Though  geographical  position  has  no  influence  oa 
natural  mineral  substances,  except  so  far  as  modifications 
may  be  produced  by  the  action  of  the  atmosphere,  it  may, 
nevertheless,  constitute  a  most  important  element  among* 
those  on  which  depend  the  actual  uses  of  those  substances. 
All  other  conditions  being  equal,  it  may  decide  thei: 
traction  or  non -extraction.  Even  important  minerals  n 
be  BO  situated  as  to  be  unproductive  of  advantage  to  tl 
endeavouring  to  obtain  them  for  use.  No  doubt, 
graphical  position  may  be  modified  by  the  labour  of  d 
and  so  that  the  mineral  matter  in  the  same  locality,  nhU 
could  not  be  profitably  raised  at  one  time,  may  be  inoi 
advantageously  worked  at  another.  The  condition  of  mu 
therefore,  occupying  diSerent  areas  on  the  earth's  sattm 
ss  nations,  becomes  an  clement  of  the  utmost  importau 
as  regards  the  useful  extraction  of  mineral  substa 
Tbe  conditions  under  which  such  divisions  of  man 
may  exist,  their  laws  and  customs,  are  important  to  I 
developcmcQt  of  any  mineral  wealth,  as  it  were,  latent  i; 
the  areas  occupied  by  them.  These  may  either  tend  to 
impede  or  promote  that  developemeut ;  and  tbe  difierent 
divisions  of  men  may,  by  their  regulations,  act  most 
variably  on  each  other,  and,  instead  of  advancing  their 
common  good,  introduce  systems  of  mutual  checks,  to  the 
disadvantage  of  all. 
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Ibe  moie  advanced  a  nation,  the  greater,  under  equal 
gCDenl  eonditionB,  it  it*  power  over  the  disadvantages 
vlich  may  happen  to  be  presented  by  geographical  posi- 
tioo,  tkns  producing  &cilities  for  the  developement  of  its 
nunenl  wealth.  The  cost  of  transport — that  frequent 
oopecliment  to  the  profitable  working  of  mineral  sub* 
itiDoes — may  become  so  lessened  by  addition  to  easy 
eonmnmicationa  of  various  kinds,  that  finally  the  working 
rf  mineral  sobstanoes  can  be  changed  from  unprofitable  to 
[Rofitable.  In  the  cases  of  many  ores,  these  and  the  fuel 
needed  for  smelting  them  may  be  brought  together  by 
bcility  and  cheapness  of  conveyance,  so  that  industries, 
oew  to  a  land,  may  spring  up. 

Although  man,  by  his  general  advance,  may  thus 
ittomplish  much  for  the  developement  of  mineral  wealth, 
tbere  are  natural  limits  to  his  progress  which  cannot  be 
overcome.  Although  he  may  effect  the  easy  transport  of 
nuneral  matter  over  rivers  and  valleys,  and  even  through 
portions  of  the  earth  itself,  either  by  his  canals  or  his 
iMdi,  and  thus,  as  regards  such  transport,  change  the 
^  of  a  country  from  one  of  difficulty  to  one  of  facility, 
ue  greater  geographical  arrangements  remain  unaltered. 
He  cannot  change  an  inland  country,  in  the  central  posi- 

• 

^  of  a  continent,  to  a  maritime  state,  though  he  can 

<naterially  modify  its  position  as  to  the  ready  means  of 

transport  to  the  coast.     An  inland  locality  may  pour  in 

its  mineral  products,  by  means  of  increased  facilities  of 

tnosport,  upon  a  sea-port,  so  that  not  only  may  they 

Deplsce  similar  substances  produced  at  greater  cost  near 

such  a  port,  but,  by  means  of  the  sea,  be  transported  even 
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fir  to  otlier  Unda,  competing  in  their  markets,  should  the 
iTgiilntionB  of  the  nations  holding  them  permit,  with  those 
which  had  hitherto  BHtisfied  thera. 

The  profitable  devclopement  of  mineral  wealth  will, 
therefore,  depend  upon  the  natural  occurrence  of  mineral 
substances,  due  to  geological  cniises — upon  the  geogra- 
phical position  of  the  localities  where  the  useful  mberal 
substances  arc  present, — and  upon  the  condition  of  man 
in  a  given  area.  The  first  condition  is  unalterable  by  man, 
the  remaining  two  may  be  most  materially  modified  by 
him. 

As  mineral  mattn  in  its  first,  or  natural  state,  cannot 
be  modified  by  man,  it  becomes  important  that  when 
spcdmens  of  it  ar*  shown  as  illustrative  of  mineral 
wealth,  e^ixvial  reference  should  be  made  to  those  pro- 
cesses by  which  such  mineral  matter  is  render^  a$efdl. 
WitK^ut  this  precantioo  much  misconception  may  arise. 
Let  us,  Inr  example,  consider  the  ores  of  the  metals.  The 
mtm  exhibitioD  of  any  on,  bowercr  rich,  is  in  itself  of 
V/ttit  laloe  beyond  the  infurmatioo  that  the  speaDneQ  came 
froaa  (ontr  st«t«d  hmlity.  The  oraustuKM  coniiceted 
wkfa  its  node  of  oecurrenee,  aad  wHb  tW  neaaa  rt  con- 
— d  to  raafcr  ita  eitractMB  «a«fal,  aw  wcntial.  Keen 
ntnA  «na  m  cf  fayt  owwace  m  kcalitio  vIkk, 
lro«  a  viat  of  Adr  nfitatst  aVnaJtiwrc,  it  wxnld  be 
— tfaatPtte^tiwrpiiilaMmrMtiigoftWm.  Hence 
«dhctin»  ofoRs  waff  lA^  W  Bort  C 
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olihuts  in  such  mines.  There  is  a  name  for  such  speci- 
inezu  in  Cornwall,  where  they  are  termed  Slocking  stones, 
IW  really  come  from  the  mines,  but  they  are  unfair 
iqvesentations  of  their  produce. 

Again,  it  often  happens,  that  without  the  slightest 
intention  of  producing  erroneous  impressions,  proprietors 
or  agents,  when  requested  to  transmit  specimens  of  their 
m,  will  select,  instead  of  such  as  show  the  general  quality 
of  those  raised,  some  fine  example  of  their  best  ores,  a 
^  stone  of  ore,  as  it  is  often  technically  termed,  while  at 
the  same  time  the  mine  itself  may  be  returning  large 
profits  by  the  working  and  dressing  of  comparatively  poor 
ores,  operations  of  which  the  agents  might  be  justly 
proud;  not  the  slightest  deception  is  intended,  but  never- 
tbeless  a  collection  of  such  specimens  becomes  extremely 
fallacious,  and  conceals  and  does  not  exhibit  the  real 
inchstry  both  required  and  employed.  The  teaching  in- 
luence  proposed  by  collections  of  ores  is  defeated  alike  by 
lK)th  the  causes  above  mentioned.  Most  important  know- 
Ulge  of  its  kind  is  sacrificed,  and  the  public  misled  by 
u&pressions  received  from  gazing  on  a  mass  of  glittering 
objects,  instead  of  carefully  considering  the  kind  of  mineral 
wbstances  which  really  produce,  by  the  industry  of  man, 
^e  metals  so  essential  for  his  welfare  and  progress. 

As  these  Lectures  are  not  intended  to  interfere  with 

4e  reports  of  the  juries,  it  would  be  out  of  place  to  enter 

Qpon  systematic  details  respecting  the  class  now  under 

consideration.   Ample  information  will  be  found  regarding 

these  in  the  report  of  my  colleague,  M.  Dufrenoy,  than 

vfaom  no  one  could  be  better  qualified  for  the  task,  by 
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became  gradually  diminished  ss  rc^rds  the  other  two 
cooiponeDt  parts,  carbon  and  nitrogen,  bo  that  the  carbon 
greatly  predominates,  and  stone-coal,  or  anthracite,  is  the 

Now,  the  character  of  these  fossil  fuels  is  of  the 
greatest  importance  in  their  varied  uses,  the  products  of 
luany  operations  depending  iipon  it,  especially  certain 
metaUurgical  processes.  As  this  character  does  not  neces- 
sarily de|)cnd  upon  geological  age — though,  as  a  whole, 
the  older  rocks  usually  contain  only  that  state  of  fossil  fuel 
known  as  coal  of  some  kind, — it  may  be  expected  to  vary 
materially  in  different  parts  of  the  world.  The  kind  of 
fossil  fuel  found  may  determine  the  devclopement  of 
certain  branches  of  industry,  other  circumstances  being 
farourxble. 

That  mineral  fuel  should  be  much  represented  in  the 
Exhibition  was  scarcely  to  be  expected.  Its  presence, 
indeed,  from  lands  where  it  was  not  generally  known  to 
be  foond  might  be  advantageous,  especially  if  accompanied 
by  proper  information  as  to  its  mode  of  occurrence,  and 
probable  abundance  and  power  of  extraction.  For  ex- 
uuple,  it  was  important  to  ejiamine  specimens  of  cool  from 
yew  Zealand,  and  learn  the  thickness  and  dip  of  the  beds 
of  aomc  of  them  ;  and  inspect  others  from  Lnbuan,  where 
the  l^stern  Archipelago  Company  are  now  working  a 
ninc-fect  bed.  The  importance  of  such  localilies  for  the 
iupply  of  foasd  fuel,  as  regards  steam-navigation,  is  evi- 
dent. Looking,  however,  at  the  demand  for,  and  supply 
of,  fossil  fuel  of  various  kinds  in  well-known  lauds,  as  for 
instance,  in  our  own,  it  may  be  very  much  doubted  if  any 
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mere  exhibitioa  of  a  few  specimenB,  without  regard  to 
general  views  of  the  manner  in  which  the  coals  may  be 
variably  eraployed,  could  be  viewed  aa  instructive.  There 
were,  however,  some  good  individual  illustrationsj — as  for 
example,  that  of  the  thick  or  ten-yard  Staffordshire  coal, — 
showing  the  different  working  seams,  alike  interesting  to 
science  and  coal-mining. 

In  this  and  several  other  cases,  where  huge  masses  of 
coal  were  sent  from  some  of  the  British  collieries,  we  have 
escellent  examples  of  the  disinterested  aid  afforded  to  the 
Exhibition.  The  greater  proportion  of  these  exhibitors 
could  look  for  no  return  whatever,  except  the  gratification 
of  having  assisted  a  cause  which  they  considered  to  be 
good.  It  was  not  probable  that  ten  tons  of  their  coals 
would  be  altered  in  their  mode  of  consumption  except  by 
new  adjustments  and  demands  not  depending  upon  the 
Exhibition,  though  the  cost  they  incurred  was  often  heavy, 
in  raising  and  transmitting  their  specimens. 

As  regards  the  coals  of  the  world,  it  is  well  known 
that,  though  our  country  may  not  be  that  containing  the 
largest  amount  of  fossil  fuel  (the  United  States  far  exceed- 
ing us  in  this  respect),  it  is  at  the  present  moment,  never- 
theless, the  land  in  which  the  largest  amount  is  raised. 
The  annual  weight  raised  in  this  country  is  usually  now 
estimated  as  equal  to  35,000,000  tons,  or,  taking  the 
ton  of  coal  as  equal  to  about  a  cubic  yard,  more  than 
eleven  square  miles  of  a  bed  of  coal,  three  feet  thick,  sup- 
posing the  whole  of  the  coal  removed.  Of  this  large 
amount  about  2,728,000  tons  are  exported,  leaving  the 
remainder,  or  32,372,000  tons  for  domestic  and  industrial 
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eonsuinpUoD,  the  portion  devoted  to  the  latter  being 
largely  employed  for  the  smelting  of  our  ores,  especially 
those  of  iron.  The  annual  produce  of  our  collieries  may, 
indeed,  exceed  35,000,000,  and  more  nearly  approach 
40,000,000.  Steps  are  being  taken  at  the  Museum  of 
Practical  Geologj-  in  order  to  obtain  more  correct  data  on 
this  head. 

k  As  illustrative  of  the  importance  of  our  position  as  a 
Ppntimc  state,  combined  with  our  possession  of  cheap 
Vlit,  well  situated,  the  copper  smelting  of  Swansea,  with 
that  of  Neath,  Tai-bach,  and  Llannelly  in  its  vicinity,  may 
be  advantageously  adduced.  We  there  find,  in  addition 
the  greater  portion  of  the  copper  raised  in  the  British 
ids,  cargoes  of  that  ore,  and  of  what  is  termed  the 
lias  of  copper,  brought  round  by  the  Cape  of  Good 
TTope  from  Australia  in  one  direction,  and  round  Cape 
Horn  from  Cbili  and  other  South  American  lands  in 
aautber.  Altogether  the  copper  smelting  of  South  Wales 
forma  an  excellent  illustration  of  the  advantageous  union 
of  geological  and  geographical  conditions,  combined  with 
a  rtate  of  man  in  a  given  area  fitted  to  seize  and  utilize 
duwc  conditions. 

Though  regarding  the  specimens  of  eoal  as  such,  and 
iinronoected  with  processes  to  which  tLcy  were  material, 
the  Exhibition  might  be  defective,  it  contained  important 
illnstrations  of  the  mode  of  occurrence  and  of  extraction  of 
coal.  Among  the  maps,  sections,  and  collections,  con- 
nected with  this  subject,  the  exhibition  from  the  coal 
district  of  Northumberland  and  Durham  should  be  cited. 
It  formed  an  important  series  of  illustrations,  comprising 
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maps,  sections,  specimens  of  the  various  coals,  the  roc! 
which  they  are  accompanied,  plans  of  the  mode  of  wo 
the  collieries,  sections  of  pits,  and  the  machinery  in  t1 
with  the  safety-lamps  used  in  the  district — a  highly 
able  series,  and  one  formed  evpressly  for  the  Eshi 
A  beautiful  model  by  Mr.  Nicholas  Wood  exhibit 
methods  of  working  coal  in  the  northern  counties, 
were  others  also  in  the  English  department  alike 
stfuctive,  as  directing  attention  to  that  Imporlant  subj 
the  vcntdation  of  collieri'CS,  one  which  has  ao  justly  of 
attracted  pubhc  attention.  Much  good  may,  no  doi 
arise  from  the  appointment  of  inspectors  of  coUieriei 
the  differcut  districts  in  this  country ;  but  the 
effective  saving  of  life  from  colliery  explosions  mi 
looked  for  in  the  instruction  generally  of  the  coal-mi 
themselves.  The  amount  of  mischief  arising  from  the 
foofbardiness  of  ignorance  in  our  collieries  can  only  be 
credited  by  those  who  are  compelled  to  employ  men  wit 
a  want  of  education  they  deplore,  or  who  have,  in 
charge  of  duties,  visited  coal-mines  after  fearful  and 
lating  explosions.  Safety-lamps  are  important  in  conni 
with  this  subject.  In  addition  to  those  usually  employed 
in  this  country,  there  were  two  from  Belgium,  where,  as 
well  as  in  France,  much  attention  is  paid  to  the  proper 
ventilation  of  colUeries  by  the  Government  authorities. 

Aa  relating  to  the  ventilation  of  collieries,  a  model  of 
opening  and  closing  the  doors  in  them,  by  the  passage  of 
the  horses  and  waggons,  or  of  the  men,  without  the 
attendance  of  boys  or  others  for  the  purpose,  had  very 
important  bearings,  so   many  accidents  having  occurred 
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from  the  ventilation  being  disarranged  by  leaving  open 
Boch  doors.  It  was  a  good  case  of  a  valuable  contrivancCj 
■Dtly  little  tnown  beyond  the  colliery  itself — the 

lole  Collieryj  near  Swansea — being  made  more  exten- 

ly  BO  by  means  of  the  Exhibition. 

Afl  connected  in  the  Exhibition  with  coUierieB,  though 
is  reality  apphcable  to  ebaSta  generally  in  mines,  we  should 
mention  the  very  important  method  adopted  by  Mr. 

Rogers  of  sinking  shafts  at  Abercam  Colliery,  Mon- 

ithsbire.  By  employing  electricity  in  blasting,  he  is 
enabled  to  explode  three  or  more  holes,  incliued  to  each 
other  in  the  depth,  simultaneously;  and  thus  lifts  a  large 
mass  at  once  from  the  centre  of  the  sinking,  other  large 
masses  being  in  like  raanner  afterwards  detached  from  the 
iurrounding  portions  towards  the  sides.  By  thus  calling 
in  the  aid  of  electricity,  and  by  employing  gutta-percha 
tubes  of  great  size  in  connexion  with  the  pumps,  and  so 
avoiding  the  destruction  of  the  usual  arrangements,  which 
frequently  take  place  during  blasts  while  sinking  a  pit, 
better  work  is  accomplished,  with  greater  rapidity,  and  at 
leas  cost  than  by  the  ordinary  methods.  This  successful 
^plication  of  science  and  of  modern  knowledge  is  dc- 
lervbg  of  all  atlention  by  miners, 

That  there  has  been,  and  unfortunately  still  is,  great 
waste  in  our  collieries,  viewed  as  a  whole,  however  the 
wrking  of  some  districts  may  exceed  that  of  others,  (and 
even  those  not  over  remarkable  for  progress,  may  yet 
exhibit  valuable  exceptions),  has  been  long  known,  and 
oftfD  pointed  out.     It  was,  therefore,  an  advance  in  the 

t  direction,  when  the  small  coals,  sometimes  consumed 
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at  the  pit's  mouthj  at  othera  thrown  back  in  the  workiogs, 
were  used  for,  as  they  have  been  termed,  the  patent  fuels. 
There  are  now  many  of  them  of  different  kinds,  applicable 
to  different  purposes,  according  to  composition.  In  them 
the  smalt  coal  is  usually  cemented  by  some  bituminous 
substance,  pressure  being  employed.  One  kind  in  the 
Exhibition  was  shown  by  Mr.  Azulay,  in  which  great 
compression  alone  caused  the  particles  of  the  coal-dust  to 
cohere.  In  Warlich's  process,  specimens  of  which  were 
also  exhibited,  after  the  small  coal  is  made  to  cohere  with 
Bome  bituminous  body  by  pressure,  the  resulting  hrtcks 
are  exposed  to  heat,  in  order  to  decompose  the  bituminous 
substance,  the  heat  being  graduated  according  to  the  use 
to  be  made  of  the  fuel.  This  is  &  highly  impot-taut  poiut 
in  the  patent  fuel  employed  for  steam  purposes,  since,  by 
carefully  selecting  a  proper  coal,  and  heating  the  bi'ick  so 
as  to  coke  the  cementing  matter  without  injury  to  the 
coal  employed,  a  very  useful  product  for  steam-ships  may 
be  obtained. 

In  the  French  department,  and  in  a  small  case,  accom- 
panied by  a  description  and  explanatory  drawing,  the 
whole  seldom  heeded  amid  more  showy  objects,  were  to 
be  seen  some  sorted  and  crushed  cools,  with  a  few  pieces 
of  coke,  having  an  important  hearing  upon  the  employ- 
ment of  cheap  and  effective  beat.  It  illustrated  the 
method  of  M.  Bcrard  for  separating  foreign  matter,  such 
as  iron  jiyrites  and  slate,  from  coal.  Its  general  principle 
was  that  of  the  "jigging-machiue"  of  the  miners,  for 
se]>arating  ores,  after  crushing,  fi-om  the  atony  matter 
with  which  they  may  be  associated,  by  agitating  the  whole 
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in  water,  so  that  the  various  portions  become  arranged 
according  to  their  specific  gravities.   The  apparatus,  which 
it  would  require  the  needful  drawings  to  ctplaiii  properly, 
is  remarkably  ingenious,  and  the  result  certain.     In  a 
eountrj-  like  ours,  where  coal  ia  abundant,  such  a  method 
,  at  first  sight,  appear  Httle  wanted.     The  Exhi- 
a  was  not,  however,  intended  for  thi^i  land  alone,  but 
"all    nations;"    so    that    the    application    of  such  a 
method  becomes  most  important  in  many,  numerous  small 
seams,  or  coals  with  much  iron  pyrites,  rendering  them, 
in  common  parlance,  "  sulphurous,"  and  otherwise  value- 
less, being  rendered  worth  working  by  its  use.     Its  value 
is,  however,  alao  understood  in  our  country ;  for,  we  are 
mformed,  works  are  now  erecting  for  its  employment  at 
Newcastle.     By   using   the   method  of  M.   Berard,  the 
^^liemin  de  Fit  du  Nord,  France,  was  enabled  to  employ  a 
^^■il  previously  found  injurious  to  the  locomotives,  and  a 
^^Huidcrable  saving  was  effected.     Tbc  reduction  of  ash  in 
^^■e  washed  coal  was  very  considerable. 
^^K   Not  to  dwell  longer  upon  mineral  fuel,  important  as 
^^ptmdcd  views  of  that  subject  might  be,  did  time  permit, 
it  may  now  be  desirable  briefly  to  consider  the  ores  of  the 
oiefiil  metals.     The  subject  of  metal  mining  includes  a 
^deration  of  the  ores,  as  such ;  their  mode  of  oecur- 
I  the  ground;   the  methods  employed  for  their 
m ;  and  the  means  adopted  for  "  dressing"  them, 
:  is  termed,  or  of  rendering  them  marketable.     The 
■  then  receives  them,  and    by   such   metallurgical 
«B  as  may  be  suitable  produces  tbc  metal. 
Respecting  the  fallacious  impressions  which  the  in- 
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spection  of  mere  specimens  of  ores  may  convey,  some 
remarks  have  already  been  offered.  No  doabt,  ores  com- 
monly called  of  the  same  kind  differ,  by  containing  furcign 
iubstances,  making  a  material  alteration  in  tbe  labours  of 
the  amclter.  This  is  a  subject  of  great  importance,  re- 
quiring all  the  skill  of  the  metallurgist.  Small  additions 
of  peculiar  substances  produce  great  modifying  influences. 
Many  a  smelter  finds  himself  at  fault  as  to  the  causes  of 
certaiu  deteriorations  of  produce  which  the  scientific  metal- 
lurgist traces  to  the  ore ;  and  here  Science  istcps  in  and 
aids  that  ordinary  practice  which  might  be  sufGciently 
successful  so  long  as  ores  of  the  ordinary  composition — 
those  to  which  the  smelter  haa  been  accustomed — were 
operated  upon. 

Specimens  of  ores  are  valuable  when  selected  to  illus- 
trate important  points  of  this  kind,  or  when  they  accom- 
pany illustrations  of  their  mode  of  occurrence,  modifica- 
tions in  consequence  of  that  mode  of  occurrence,  or  are 
connected  with  processes  and  their  results.  With  the 
exception  of  the  last,  the  ores  of  the  Exhibition  possessed 
scarcely  any  of  these  conditions ;  indeed,  some  were  sent 
^m  mines  which,  as  previously  mentioned,  should  have 
been  justly  proud  of  their  methods  of  dressing  ores  of 
ordinary,  and  even  low  quahty ;  yet  tbe  specimens  trans- 
mitted were  rich,  requiring  no  refined  means  of  treatment. 
There  were,  neverthelesB,  very  rich  specimens  from  some 
parts  of  the  world,  known  to  represent  considerable  masses 
of  tbe  same  kind  ;  as,  for  example,  the  Burra-lJurra  mines 
of  South  Australia  have  fuTQished  to  commerce  a  large 
amount  of  valuable  copper  ores  similar  to  those  exhibited, 
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and  many  a  mass  of  malachite  from  tliem,  wbich  might,  as 
in  Russia,  have  been  extensively  employed  in  worlfs  of 
art,  haa  passed  beneath  the  hammer  and  crushers,  and  into 
the  furnace.  Small  as  the  metal  exhibition  of  Sweden 
may  have  been,  the  ores  sent  were  good  examples  of  those 
whence  the  fine  iron  of  that  land  is  obtained-  In  hke 
manner,  there  was  no  reason  to  doubt  that  the  rich  iron 
ores  of  the  United  States  and  of  Canada  did  fairly  repre- 
sent masses  of  the  like  ores  in  those  countries ;  and  so  also 
with  ores  from  some  other  lands.  Looking,  however,  at 
those  shown  generally,  the  previous  remarks  were  needed. 

One  of  the  most  important  aeries  of  ores  in  the  Exhi- 
bition, viewed  with  reference  to  its  object,  and,  coupled 
with  the  information  with  which  It  was  accompanied,  as 
illustrating  a  particular  mineral  produce  in  a  given  country, 
was  that  of  the  iron  ores  of  Great  Britain,  collected  and 
sent  by  Mr.  Samuel  Blackwcll,  It  was  formed  at  both 
much  trouble  and  cost  by  its  exhibitor,  and  for  no  other 
purpose  than  to  render  good  service  to  the  Great  Exhibi- 
tion, in  the  first  place,  and  to  the  stores  of  the  Museum  of 
Practical  Geology,  to  which  it  was  presented  for  national 
xae,  in  the  second. 

The  ores  in  this  collection  are  of  two  kinds ;  the  one, 
known  aa  clay  ironstone — an  indifferent  name^s  funda- 
mcntnlly  a  carbonate  of  iron,  mingled  variably  with  the 
matter  of  the  ancient  mud  and  silt,  among  which  it  was 
orifinally  deposited,  and  from  which  it  has,  under  geolo- 
gical conditions,  been  separated  into  continuons  beds  or 
ranges  of  nodulea.  The  amount  of  metal  in  the  ore  de- 
pends upon  that  of  the  carbonate  of  iron  in  it.     In  the 
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ordinary  carbonates  of  iron  (which  are  still  not  quite  pure^, 
knon'ti  as  spatlioae  iron,  and  of  which  there  were  speci- 
mens from  Austria,  the  Zollverein,  and  other  places,  there 
13  usually  from  fifty  to  sixty  per  cent  of  protoxide  of  iron. 
In  the  clay  ironstones  the  metallic  iron  ranges  sometimes 
up  to  forty  per  cent.  The  clay  ironstones  are  most  im- 
portant to  Great  Britain,  the  greater  part  being  found 
associated  with  the  coal-beds  in  our  coal  measures,  and  so 
that  they  are  worked  with,  or  near  to  each  other.  Prom 
these  ores  more  than  2,000,000  tons  of  iron  arc  now 
made  in  this  country.  Besides  those  in  the  Btackwel) 
Collection  numerous  specimens  of  these  ores  were  to  be 
found  attached  to  illustrations  of  the  products  of  diiferent 
iron-works. 

The  other  iron  ores  in  the  Blackwell  Collection  were 
varieties  of  the  oxides,  chiefly  hiematites,  the  quantity  of 
metallic  iron  in  which,  when  the  ore  is  good,  is  from  sixty 
to  seventy  per  cent.  The  amount  of  hanniutite  ores  worked 
in  this  country,  though  they  are  abundant,  is  not  com- 
paratively considerable.  It  is,  howeier,  smelted  alone, 
and  there  were  illustrations  of  this  in  the  Exhibition ; 
and  it  is,  also,  mixed  with  the  elay  ironstones  in  many 
^naces. 

Respecting  the  mode  of  occurrence  of  ores — a  most 
important  point — the  Exhibition  did  not  furnish  many 
illustrations.  As  regards  specimens  of  that  chai-aeter,  it 
was  not  to  be  cxjiccted  that  they  could  be  readily  sent. 
Such  collections  arc  the  work  of  time ;  requiring,  more- 
over, a  coustant  attention  to  given  objects  of  inquiry,  in 
conne^on  with  the  general  subject,  as  is  abundantly  proved 
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bj  the  difficulty  experienced  by  all   mining  schools  in 
[      Mifisfying  these  requirements.     We  have  a  fine  illustrative 
collection  of  this  kind  at  the  Museum  in  Jermyn  Street^ 
bat  it  took  us  sixteen  years^  with  all  our  opportunities^ 
aod  the  hearty  co-operation  of  able  men  in  the  mining 
(fctricts,  to  obtain  it.     It  is  by  no  means  easy  to  find 
proper  illustrations^  in  sufficiently  moderate  volume  for 
exhibition^  of  some  of  the   chief  facts  observable  in  a 
mineral  vein^  or  lode^  often  only  to  be  seen  on  the  great 
Kale. 

With  respect  to  the  mode  of  occurrence  of  the  metal- 
liferous ores,  it  may,  in  all  its  generality,  be  regarded  as 
twofold,  in  beds  or  layers,  or  filling  cracks,  fissures,  and 
other  cavities.  The  clay  ironstones,  and  certain  oxides, 
known  as  bog-iron  ore,  belong  to  the  former  division.  The 
alluvial,  or  other  detrital  beds,  in  which  gold  is  found,  as 
in  California,  Australia,  Russia,  and  many  other  lands, 
may  be  considered  as  also  included  in  it.  So,  likewise, 
such  deposits  as  the  cupriferous  slates  of  Mansfeld,  of 
which  there  were  specimens  in  the  Zollverein  department. 
The  sections  on  the  wall,  horizontal  and  vertical,  will  show 
the  mode  of  occurrence  of  the  clay  ironstones  with  the 
associated  coal-beds  in  Merthyr  Tydvil,  the  chief  locality 
for  iron-works  in  South  Wales.  In  such  districts  some 
beds  of  ironstone,  and  in  the  sections  before  you  many  are 
shown,  bearing  various  names,  often  present  constant  cha- 
racters for  considerable  distances,  while  others  are  more 
finable  in  composition  and  thickness. 

Looking  at  the  auriferous  beds  in  some  regions,  even 
thoae  from  which  much  gold  may,  as  a  whole,  be  obtained. 


54 


MINING,  QUARRriNG,  AND  HETALLUROICAL 


i 


we  must  often  regard  the  mode  of  occurrence  of  the  metal 
aa,  taken  with  the  bed,  to  represent  a  poor  ore.  When,  as 
in  sonic  of  the  Russian  gold  washings,  two  hundred  tooa 
of  the  dctntal  mass  have  to  be  washed  and  examined,  to 
obiaLD  a  single  pound  weight  of  goldj  it  can  be  viewed  as 
little  else. 

The  best  illustratioQ  to  be  found  in  tbe  Exhibition  of 
the  mode  of  oecurrence  of  the  clay  ironstones  and  asso- 
ciated coal,  was  that  afforded  by  the  beautiful  model  accom- 
panying the  Ebbw  Vale  collections :  the  sequence  in  which, 
from  tbe  coals,  ironstone,  and  limestone  used,  through  the 
models  of  the  furnaces  to  tbe  various  products,  was  highly 
instructive  and  creditable  to  the  Company  exhibiting 
them.  The  model  was  formed  of  an  original  part  made  by 
Mr.  Thomas  Sopwith  (so  well  known  for  his  skill  in  that 
department  aa  well  as  in  others),  to  which  tbe  Company 
had  added  a  coutinuatioD.  Tbe  model  is  constructed  to  a 
common  scale  for  height  and  distance,  the  surface  repre- 
sented to  correspond  with  the  actual  gi'ound,  with  the 
rivers,  roads,  fields,  and  buildings,  while  tbe  lower  part 
exhibits — every  coal  and  ironstone  bed  being  shown  — 
the  true  relative  positions  of  the  various  beds,  with  the 
works  which  have  been  carried  on  upon  them.  Consider- 
ing how  completely  these  models  may  he  made  to  record 
all  the  workings,  and  how  far  superior  they  are  to  the 
usual  plans  and  sections,  it  appears  surprising  that  they 
should  not  be  more  used  than  they  are,  affording,  as  they 
do,  sucb  clear  and  accurate  luforraation  to  all  interested. 

As  to  illustrations  of  the  mode  of  occurrence  of  ores  in 
mineral  veins  or  lodes,  the  most  instructive  and  important 
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were  q>eciiDens  of  part  of  the  silver  lode  of  Kongsberg^ 
Norway;  and  of  part  of  the  lead  lode  of  Grassington, 
Yorkshire^  sent  by  the  Duke  of  Devonshire.  A  few  large 
kad  specimens  in  the  English  department  exhibited  points 
of  interest ;  and  these^  with  some  specimens  in  the  South 
Australian  copper  series^  certain  of  the  iron  and  zinc  series 
in  the  American  collection^  a  few  specimens  from  Canada^ 
a  few  mining  sections  from  Cornwall^  and  those  accom- 
panying the  exhibition  of  the  lead  series  of  Alleuheadsy 
Northumberland^  may  be  said  to  complete  the  illustrations 
of  this  kind.  The  means  of  extracting  ores  from  the 
metalliferous  mines  were  but  slightly  represented.  There 
were  illustrations  of  safety  fuzes  for  blastings  some  methods 
of  raising  and  lowering  the  miners  and  for  raising  the 
ores,  and  a  few  Cornish  mining  sections.  With  reference 
to  this  subject,  however,  a  large  and  beautiful  model  of 
water-wheels,  connected  with  pumps  from  the  Devon 
Great  Consols  Coppermines,  requires  especial  mention. 
The  dressing  of  ores  did  not  receive  overmuch  illustration. 
Here  was  a  good  model  representing  the  methods  of 
dressing  the  inferior  copper  ores  of  Tywamhayle  mines, 
Cornwall ;  and  it  may  be  deserving  of  remark  that,  although 
the  produce  of  Cornish  and  Devonian  ores  does  not  exceed 
an  average  of  about  eight  per  cent  of  the  metal  after  the 
ores  are  dressed,  the  mines  of  that  district  have  been  esti- 
mated as  furnishing  one-third  of  the  copper  raised  through- 
out other  parts  of  Europe,  and  the  British  Islands.  The 
Truro  committee  sent  good  illustrations  of  preparing  tin 
ore  for  the  smelter,  and  there  were  also  some  other  illus- 
trations of  dressing  tin  ore.     The  lead-dressing  of  the 
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Allenbcads  mines,  Northumberland,  was  well  shown;  and 
the  Kongaberg  (Norway)  aeries  eshibited  the  dressing  of 
the  silver  ores  of  those  mines  in  a  detailed  manner. 

With  respect  to  the  metallurgiea)  processes  and  the 
metals  produced,  the  case  was  different,  more  especially  as 
regards  iron.  This  metal,  the  most  important  to  mankind, 
formed  the  chief  feature  in  Class  I.,  whether  in  the  British 
or  Foreign  departments.  There  were  some  excellent  illus- 
trations from  different  British  iron-works,  including  the 
ores  and  fuel  employed.  The  various  kinds  of  iron  were 
well  exhibited.  The  Ebbw  Vale  exhibition  contained  a 
mode]  showing  the  method  adopted  at  those  works  for 
utilizing  the  gases  evolved  from  the  surface.  The  pro- 
prietors of  the  Low  Moor  and  Bowling  Iron-works  did  not 
forget  their  old  reputation  for  iron,  and  exhibited  some 
remarkable  specimens.  As  a  general  illustration  of  British 
iron,  that  of  Mr.  Bird  may  be  cited.  Some  remarkable 
pieces  were  to  be  there  found  from  various  works  and 
as  probably  the  largest  bar  of 
inches  in  diameter  and  twenty 
s  made  by  Messrs,  Bagnall,  of 
r'eighed  nearly  one  ton  and  three 
some  tine  examples  in  this  col- 
lection of  large  drawn  tubes,  and  others  illustrating  the 
qualities  of  the  various  irons.  Canada  and  Nova  Scotis 
exhibited  their  iron :  some  bar-iron  of  good  quality  from 
the  former  was  remarkable  for  being  manufactured  from 
bog-iron  ore,  not  usually  found  good  for  bar-iron. 

The  Austrian  series  of  iron  was  excellently  well  dis- 
played, and  very  illustrative.     Itlany  parts  of  the  series 


districts.  Among  them 
iron  ever  rolled,  being  ae\ 
feet  one  inch  long  :  this 
West  Bromwich,  and  i 
quarters.      There  were 
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thowed  the  ores  wlience  the  metal  had  been  obtained^  with 
thennooa  parts  of  the  processes^  including  the  slags.     In 
tiaa  coDection  was  a  most  remarkable  example  of  the  fine 
roOing  of  iron,  the  latter  itself  being  necessarily  of  excel- 
IcDt  quality.     The  "  iron  paper/'  as  it  was  termed,  from 
ffeadeck,  in  Bohemia,  was  superior  to  all  of  its  kind  in 
the  Exhibition.     It  may  not  be  out  of  place  here  to  cite 
this  Bohemian  ''  iron  paper/^  in  illustration  of  some  of  the 
QBeful  effects  of  the  Great  Exhibition.     It  soon  attracted 
the  attention  of  those  skilled  in  iron,  as  such  thin  rolled 
iron  is  important  for  button-making.     A  spirited  party, 
connected  with  the  iron  trade,  at  once  proposed,  in  a  pro- 
per quarter,  to  imitate  this  Bohemian  product.     This  was 
attempted,  and  though  the  result  was  not  quite  equal  to 
the  original,  before  the  Great  Exhibition  closed  thin  rolled 
iron  of  a  quality  not  heretofore  produced  in  this  country 
was  to  be  had  in  the  market. 

There  were  good  illustrations  also  of  the  Belgian  iron, 
as  employed  for  various  purposes.  Though  Russia  did  not 
put  forth  her  strength  in  tine  iron,  there  were,  neverthe- 
less, some  excellent  examples  of  it,  both  from  her  imperial 
and  private  works.  Some  specimens  of  sheet-iron  were 
remarkable  for  their  quality.  Sweden  was  deficient  in 
that  iron  for  the  quality  of  which  she  is  so  celebrated ;  and 
France,  though  raising  a  large  quantity  of  iron,  was  scarcely 
represented  in  that  metal.  There  was  but  little  iron  in 
the  ZoUverein  department.  The  Siegen  iron,  produced 
from  the  carbonate  and  hydrated  oxide,  was  not,  however, 
B^Iected ;  and  the  illustrations  of  iron  from  Nassau  were 
effective,  as  were,  indeed,  those  of  the  general  mineral 
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produce  of  that  state.     Spain  sent  some  of  ber  iron,  anla 
the   United  States  forwarded  some  good  illustrations  i 
theirs. 

The  Exhibition  may  be  said  to  have  given  riai 
most  complete  view  of  the  iron  produce  of  this  cuuDttj 
which  we  possess.      Mr.  Samuel  Blackwell,  himself  | 
ironmaster,  accompanied  the  collection  of  iron  ores,  { 
viously  mentioned,  by  a  statement  of  great  value, 
estimates  the  gross  annual  production  of  iron  in  GfB 
Britain  to  be  now  upwards  of  2,500,000  tons.     "  Of  tti 
quantity.   South   Wales   furnishes   700,000  tons;    Soutfi 
Staffordshire   (including  Worcestershire),  600,000  tons; 
and  Scotland,  600,000  tons.     The  remainder  is  divided 
among  the  varioua  smallep  districts.'"    The  irou  of  Eng- 
land and  Wales  was  produced  by  336  furnaces  in  blast  in 
1850.     Though  a  considerable  quantity  of  British  iron  ii^ 
exported,  a  very  large  proportion  remains  to  be  varioiui^^| 
employed  in  our  own  industry.  ^M 

With  regard  to  copper,  the  chief  illustration  of  its 
smelting,  as  practised  in  this  country,  came,  as  might  be 
expected,  from  Swansea,  where,  as  has  been  already  slated, 
so  much  of  the  copper  ore,  not  only  of  the  British  Islands, 
but  of  other  parts  of  the  world,  is  converted  into  metal. 
The  series  sent  was  important.  The  Messrs.  Bankart 
exhibited  illuetrations  of  their  patent  process  of  reducing 
copper  ores.  Though  referred  to  Class  11.,  mention  should 
be  here  made  of  Mr.  Longmaid's  process  of  reducing  cop- 
per ores.  In  it  the  sulphuret  of  iron  and  copper,  known 
as  copper  pyrites,  is  roasted  with  chloride  of  sodium  (com- 
mon salt].     Sulphate  of  soda  is  produced,  the  copper  ie 
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floofoted  into  a  soluble  sulphate^  the  iron  left^  and  the 
cUonne  liberated.     The  copper  is  then  thrown  down  from 
ib  8olation.    There  was  also  copper  from  the  smelting 
vwi^  Brace  mines,  Lake  Huron,  Canada ;  and  the  Burra- 
Aim  copper  ores  were  accompanied  by  copper  smelted  at 
A^  works,  recently  established  at  those  mines.     In  the 
ZoUverein  department  were  to  be  foimd  illustrations  of  the 
prooesseB  followed  in  extracting  the  copper  from  the  cupri- 
krooB  state  of  Mansfeld,  and  those  also  showing  the  man- 
ner of  obtaining  the  silver  from  the  same  beds.     Rolled 
copper  was  exhibited  in  the  Russian  department ;  a  few 
pieces  of  copper  were  sent  by  Austria,  and  others  from  the 
Roraas  Works,  Norway ;  a  cake  of  copper,  with  the  ores 
from  which  it  was  obtained,  was  sent  from  the  mines  at 
Hontecatini,  Tuscany ;  copper,  accompanied  by  specimens 
iHustrating  the  method  of  its  smelting,  was  exhibited  from 
Sio  Tin  to,  Spain,  as  also  some  fine  copper  from  Seville. 
Regarded  as  a  whole,  the  copper  exhibition  was  defective. 
As  to  lead,  the  illustrations  were  chiefly  British.     There 
was  an  excellent  exhibition  of  Pattinson^s  important  pro- 
cess for  desilverizing  that  metal — a  process  which  has  been 
of  such  service  to  lead-mining  generally,  rendering  manyl 
lead-mines  workable  with  profit  which  must  otherwise  have 
been  abandoned.     The  chief  ore  whence  lead  is  extracted 
is  that  known  as  galena,  or  the  sulphuret  of  lead,  furnish- 
ing from  seventy-five  to  eighty-three  parts  of  the  metal, 
iccording  to  purity.     It  usually,  though  not  always,  con- 
tains silver  in  variable  proportions.     Upon  the  quantity  of 
alver  often  depends  the  profitable  raising  of  the  ore.     Pre- 
fious  to  the  invention  of  Mr.  Fattinson   (of  Newcastle- 
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ft,  gnigiiirh-  net  is  ibr  litter.  UnM 
har  ■uim  si  ibr  ^nt  dennd,  that 
^  Ac  a^^  aMBBer,  fay  rapcDation. 
tf  Ac  AB—Tmyil.  BttBt^  and  at  Uk 
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If  wliich  the  fauin  from 
and  from  damage 
ry,  «Ud  lead,  to  the  aoioiiiit  of 
or  "fum^"  is 


"k^" 


transmitted  iDustrationi 
m^mmei  hj  Bheet-lead  and  lead- 
Shropshire,  also  sent 
Va»<\— — B,  also,  and  from  Ireland, 
k  tt  Inl  pnrfncts.     There  naa  also 
k  Hllkaic  «Mdl  Vedtin,  Bdgium ;   from 
h9lMli|k  wri  tkc  ZoOmciii.     The  foreign 
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examples  of  this  metal  were,  however^  inconsiderable^ 
as  a  whole^  the  chief  part  of  the  lead  exhibition 
British.  As  illustrating  both  the  good  quality  of 
the  metal,  as  well  as  a  proper  method  of  drawing  it,  we 
dionld  not  pass  over  the  stall  of  M.  Foulet,  in  the  French 
department,  containing  lead  wires  and  tape,  or  spun  lead, 
nit  was  termed. 

With  regard  to  zinc,  the  chief  exhibition  was  that  of 
the  Vieille  Montague^  Belgium^  dispersed  in  the  Belgian, 
French,  and  English  departments.  This  establishment  is 
the  most  considerable  of  its  kind  in  the  world.  The  illus- 
trations of  its  produce,  sent  by  the  Company  to  whom  it 
bdongs,  were  alike  remarkable  for  their  abundance,  variety, 
ind  importance.  The  establishment  now  employs  2646 
persons,  and  it  produced  11,500  tons  of  zinc  in  1850. 
With  the  exception  of  some  ingots  of  zinc  from  the  Esch- 
weiler  foundries,  Stolberg  (Zollverein  department),  and 
others  from  the  Sterling  Hill  Mine,  New  Jersey,  there  would 
appear  to  have  been  no  other  illustrations  of  zinc  smelting 
ind  drawing. 

As  respects  tin,  a  very  important  process  for  separating 
wolfram  (tungstate  of  iron)  from  tin  ore,  was  sent  by 
Mr.  Oxland,  the  inventor,  from  the  Drake  Walls  Tin  Mine, 
on  the  Cornish  side  of  the  Tamar.  It  may  be  termed  a 
mixed  process  of  dressing  and  smelting.  Much  difficulty 
triaes  in  the  dressing  of  tin  ore  when  wolfram  is  present, 
u  too  often  is  the  case  in  Cornwall  and  Devon,  the  specific 
gravity  of  the  two  being  so  nearly  alike,  that  of  the  tin  ore 
(peroxide  of  tin)  being  7,  and  of  wolfram,  7*1.  After 
cmahing,  or  otherwise  pounding,  the  mixed  substances. 
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they  are  roasted,  and  the  wolfram  still  remaining  unaf- 
fected, after  again  washing  they  are  roasted  with  carbonate 
or  sulphate  of  soda,  and  the  process  so  coaducl4;d  that  tb4 
tungstic  acid  leaves  the  iron  and  couibiues  with  the  soda, 
thus  dccoinposiog  the  wolfram,  and  tungstate  of  soda  being 
formed,  the  tin  ore  (commonly  termed  black  tin)  is  then 
fitted  for  further  treatment  in  the  smelting-house.  The 
ordinary  method  of  smelting  tin  in  Cornwall  was  sbowii 
by  a  model  (sent  by  Mr.  Bolitho,  Penjance,)  of  the  rever- 
beratorj'  furnace  employed,  accompanied  by  specimens  of 
the  Tarions  ores  as  prepared  for  smelting,  and  of  the  pro- 
ducts of  that  process.  The  tin  of  Cornwall  and  Devon 
has  long  supplied  the  chief  portion  of  that  consumed  ia 
Europe  and  on  the  shores  of  the  Mediterranean.  In  183(^ 
10,052  tons  of  the  ore  were  raised.  Taking  the  ore  aC 
50/.  per  ton,  it  would  have  a  value  of  500,000/.  in  that 
stale  in  1850.  Tin  is  now  imported  from  other  lands.  Id 
1850, 1798  tons  of  tin,  chiefly  from  Banca,  were  imported 
and  2211  tons  were  exported ;  showing  that  only  413  tons 
of  British  tin  found  its  way  elsewhere,  the  chief  part  of 
our  tin  proeluce  being  reserved  for  our  own  industry,  for 
which  it  is  in  many  ways  so  important.  Tin  was  shown 
from  the  Malay  peninsula ;  from  Schlaggecwald,  Bohemia, 
and  from  the  Avion  mountains,  Spain. 

Kespceting  silver,  Pattioson's  important  process  has 
been  already  mentioned,  .\tlached  to  its  illustrations  was 
a  large  mass  of  silver,  weighing  3000  ounces,  well  showing 
the  "  spitting,"  aa  it  has  been  termed,  which  takes  place 
while  the  mass  waa  cooling.  In  the  Allcnheads  aeriea 
there  was  a  cake  of  silver,  prepared  by  the  same  method. 
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ireigiung  8000  ounces.      The  Kongsberg  collection  was 
completed  by  proper  illustration  of  the  silver  itself.    There 
VB8  also  smelted  silver  from  Prince's  Location^  Lake  Su- 
perior^ Canada ;  from  the  Almeria  mines^  Spain ;  and  from 
bchweiler  mines^  Stolberg  (Zollverein). 

As  to  gold^  there  were  examples  of  it  from  Canada^ 
lodia^  the  United  States^  and  West  Africa.  There  was 
also  a  remarkable  specimen  of  gold  from  Chili. 

The  most  important  exhibition  connected  with  gold 
was  that  from  Reichenstein^  in  Silesia.     It  afforded  an 
excellent  example  of  an  application  of  science  by  which 
ores  pre\'iou8ly  profitless  became  valuable;   indeed,  the 
mines  had  been  abandoned  for  five  centuries  on  account 
of  their  poverty,  though  known  to  be  auriferous.     It  is 
not  the  precious  character  of  a  metal  in  a  mine  that  ren- 
ders it  important,  but  its  relative  amount,  making  the  dif- 
ference between  profit  and  loss  in  obtaining  it.     The  Rei- 
chenstein  case  is  one  where  the  progress  of  science  rendered 
a  working  profitable  not  previously  so.  The  process  adopted 
was  that  of  Professor  Plattner,  of  Freiberg.     The  ores  of 
the  Reichenstein  mines  are  arsenical  pyrites,  containing 
aboat  200  grains  of  gold  in  the  ton.     These  are  roasted 
in  a  reverberatory  furnace,  surmounted  by  a  large  con- 
ieming  chamber,  on  which  the  arsenic  is  deposited,  as  it 
rises  in  fumes.    Oxide  of  iron,  a  certain  quantity  of  arsenic, 
*nd  the  gold  in  the  ore,  remain  beneath.    These  are  placed 
in  a  vessel    so  that  a  current  of  chlorine  gas  is  transmitted 
ihrousb  them.      The  gold  and  iron  are  attacked,  are  sepa- 
ftted  from  the  residue  by  solution  in  water,  and  the  gold 
i  precipitated  by  sulphuretted  hydrogen.    The  importance 
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jiutice  to  Dr.  Per 

Biitkh  ABHociatioa  || 
lent  of  cbloril 

Ak  H^ik  ^ttmam,  palladium, 
A^  «at  Jttm*  in  their   different 
W  Unwk.  J«hBaa«  mod  Mutthcy ;  and 
1^  «v  well  illustrated  \ 

V*  katn  «MmA  ■•»••■«  dctMl  on  like  subject  of 
MM*A,  itt  tkair  wimi  iMM^  bam  tbe  on  in  the 
l»  ^  tMMk  Ak— iKm,  hc  «b^  from  the  importaDce 
tk*  a«i^«c*,  Wl  aJta»  i«  wAv  t»  alMw  tbc  chanuMer  of 
Kxluitowa  •»  H^*^  tki>  pMtiaa  of  it.  It  will  hnre 
okMttf^  t^  IM>  BMabt  has  beat  made  of  »ome  ix 
im  ■mliHiftiiiw  twttkfl,  and  thali  even  as  regi 
oUwRk  Mtallie  pBJteKtt  fcr  mhiA  they  have  been  lol 
kj»«M  h»v»  Ml  Wb  Mticcd  aa  cooing  from  them. 
M  miUcv  of  lwiB|i—  maamg,  Saxooj  and  the  I 
did  not  tnuiWHt  ■■;  ol  Aair  pradneta,  oor  any  illustratigi 
of  th«tr  mtnia^  ofMtatkw ;  acithcr  were  the  miniug  n 
of  Mexico  and  the  South  AiucncaD  States  represents 
except  indted  bv  a  lemariuble  specimen  of  silver, 
anothrr  of  guld,  trota  Chili.  As  a  general  fact,  and  ^ 
W(.'U  kuovru  to  all  who  had  to  tDvestigate  t 
though  here  and  there  important  exhibitions  were  to  | 
found,  mining  generally,  even  that  of  our  own  < 
jequircd  far  more  illustration  than  it  received, 
not,  however,  be  Burprised  at  this ;  the  manel  was,  fail 
regarding  the  conditions  under  which  the  collections  were 
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ie,  that  so  much  bad  bees  accomplished.  Dot  so  little. 
}  departmeDt  of  the  Eshibition  will  have  been  found 
more  perfect  dliiiDterestedDess  od  the  part  of  the  exhi- 
bitors. The  honest  miner,  not  forwarding  specimens  of 
^ta  for  the  purpose  of  exciting  attcDtion  to  shares  io  his 
Hbes,  could  gain  nothing  by  sending  illustrations  of  his 
^M  aod  methods  of  preparing  tbem,  and  yet  the  cost  of 
^nnsmitting  such  heavy  articles  was  considerable.  The 
collector  and  describer  of  the  iinportaut  scries  of  British 
iron  ores  will  not  dispose  of  a  ton  more  of  liis  iron  for  all 
the  trouble  and  expense  which  that  collection  has  occa- 
uoned  him.  The  same  with  numerous  others.  All  these 
gte  thorough  good-will  offerings  to  a  cause  considered 

,  ud,  u  ftticb,  are  deserving  of  all  public  ackuow- 

lUt. 

rtrhe  class  under  consideration  also  included  steels  and 
ll  alloya  gencralW  of  the  metals  considered  as  raw  mate- 
The  first  was  an  especial  difficult  subject  to  treat 
tout  reference  to  other  classes  where  that  metalhc  sub- 
was  employed,  seeing  that  the  various  kinds  of 
I  had  to  be  made  for  the  work  for  which  they  were 
ndcd.  As,  for  example,  in  the  Sheffield  depai-tment, 
'  steel  was  shown,  with  one  exception,  in  connexion 
various  manufactures  it  contained.  Fitting  atcel 
■  to  be  found  with  the  files,  the  springs,  or  the  cutlery, 
^thc  case  required.  As  steel  is  usually  made,  in  this 
conDtry,  from  Swedish  and  Russian  iron,  the  steel  of  Mr. 
Solly,  of  Lcabrook,  made  with  British  iron,  and  exhibited, 
thould  be  mentioned. 

a  ateel  exhibition  alone  the  most  illustrative  collec- 
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tion  was  that  sent  by  Messrs.  Naylor,  Vickera,  and  Co. 
It  was  accooipanied  by  a  large  and  beautiful  modt^l  of  the 
furnaces,  rolling-mills,  and  forge,  and  was,  altogether,  a 
most  effective  display  uf  British  steel.  In  the  Zollvejein 
department  there  was  a  remarkable  exhibition  of  steel  by 
M.  Krupp,  of  Essen,  Dusseldorf;  but  here  again  it  was 
difficult  to  separate  a  consideration  of  the  raw  material 
from  the  rolling-mills  and  other  objects  to  which  it  was 
applicable.  A  broken  cylinder  of  this  steel,  mesBuring 
fifteen  inches  in  diameter,  was  particularly  remarkable. 
There  were  illustrations  of  steels  from  various  lands,  and 
they,  with  the  irons,  may  be  regarded  as  the  most  effective 
part  of  the  metallic  collections  in  the  Exhibition. 

With  regard  to  brass,  there  was  little  that  came  within 
Class  I.,  but  the  most  important  considered  in  it  was  the 
aeries  exhilited  by  the  MM.  Estivant,  of  Given,  France. 
It  was  an  excellent  collection,  composed  of  articles  of  ordi- 
nary manufacture  at  their  establishment,  often  of  great 
size  and  difficulty  of  execution.  Though  employing  the 
usual  mixtures  of  copper  and  zinc,  it  is  stated  that  especial 
measures  are  adopted  by  which  the  fine  products  shown 
are  constantly  obtained.  There  were  rolled  bars  and 
tables  of  considerable  dimensions,  as  well  as  excellent 
laminated  brass  of  extreme  thinness. 

In  the  English  series  some  alloys  of  iron  with  different 
metals  were  shown  by  Mr.  Stirling,  Articles  made  with 
them  were  also  exhibited,  and  these  alloys  were  stated  to 
have  some  remarkable  properties.  There  were  varieties  of 
other  alloys  in  the  Exhibition,  many  of  considerable  im- 
portance; but  these  were  usually  so  combined  in  manufac- 
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tures  ss  not  to  come  under  Class  I.  There  was,  however, 
a  case  containing  1 70  specimeos  of  the  useful  metals  and 
thdr  alloys,  shown  by  Mr.  Jordan,  of  Manchester,  which 
should  not  be  passed  over  without  adverting  to  its  very 
useful  character. 

Plumbago,  or  black-lead,  as  it  is  so  erroneously  termed, 
thould,  perhaps,  have  been  noticed  after  the  coals,  seeing 
that  it  is  a  substance  chiefly  couiposed  of  carbon  with 
some  admiiturea  of  other  substances.  Dot  unfrequently 
iron.  Tbe  importance  of  plumbago  for  the  arts  and  for 
crucibles  is  well  known.  After  the  Borrowdale  mines, 
Comberlund,  were  somewhat  exhausted,  it  became  impor- 
tant, for  that  variety  of  plumbago  employed  in  arts,  to 
obtain  some  substitute ;  and  varieties  of  compounds  were 
invented,  but  notliing  succeeded  so  well  as  the  com- 
prcuing  process  patented  by  Mr.  Brockedon,  of  which 
illustrations  were  in  the  Exbii>ition.  By  this  process 
tnncb  of  the  Borrowdale  plumbago  dust  has  been  utilized 
irith  advantage.  It,  or  any  other  good  plumbago,  is 
ground  into  fine  powder,  placed  in  packets,  and  then 
receires  a  pressure  equal  to  about  5000  tons.  To  prevent 
the  injurious  effect  of  disseminated  air  in  tbe  packets  of 
fiae  powder,  it  is  extracted  by  means  of  an  air-pump, 
lod  thus  the  particles  themselves  can  be  brought  into 
tlosc  juilaposition  and  forced  to  cohere.  Of  the  application 
of  plumbago  to  crucibles  there  were  several  examples,  some 
Tell  known  for  their  quality. 

Of  building  stones  it  could  not  be  expected  that  there 
Moaiii  be  many  not  British.  There  were,  however,  a  few 
ipeamens  in  other  divisions.     The  most  important  aeriea 
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was  that  of  Messrs.  Preeman,  of  Weatininster,  where  the 
various  stones  employed  in  London  for  architecture  and 
engineering  found  their  places.  Dispersed  illustrations  of 
similar  stones  were  also  to  be  seen  in  other  departments. 

With  respect  to  marbles,  serpentines,  porphyries,  and 
granites,  it  is  needful  to  refer  to  other  classes  for  a  proper 
appreciation  of  those  exhibited,  many  being  only  to  be 
found  in  a  worked  state.  Taken  as  a  whole,  they  were 
fwrly  represented.  The  British  was  an  effective  exhibition, 
more  especially  when  regarded  with  reference  to  the  mode 
of  work  employed.  Marbles  were  sent  from  France,  Bel- 
gium, Spain,  Portugal,  Italy,  Greece,  the  German  States, 
India,  and  even  from  South  Africa.  In  foreign  porphyries 
and  granites  there  was  no  great  display.  The  porphyry 
and  granite  of  Sweden  were,  however,  not  forgotten;  nei- 
ther were  the  granites  of  the  Vosges,  France,  and  certain 
granites  and  porphyries  of  Portugal,  unrepresented. 

Respecting  slates,  for  the  production  of  which  this 
country  is  so  remarkable,  there  were  good  illustrations, 
especially  when  regarded  with  reference  to  their  manufac- 
tured state.  There  were  also  examples  of  slates  from 
Canada.  Foreign  slates  were  little  exhibited ;  the  wdl- 
known  Angers  slates,  France,  were  only  represented  by  a 
few  of  the  smaller  size.  There  were,  also,  examples  of 
elates  from  the  United  States,  Sardinia,  and  Nassau. 

Mr.  Meinig,  of  Leadenhall  Street,  sent  a  splendid  dis- 
play of  polishing,  sharpening,  and  grind-stones,  from  all 
parts  of  the  world — a  most  remarkable  exbiliition  of  its 
kind.  Similar  mineral  products  were  to  be  found  dispersed 
through  various  departments.    Our  own  grind-stones  were 
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not  forgotten ;  and  the  well-known  millstones  of  Prance 
and  Belgiam  were  well  represented. 

Of  porcelain  or  china  clay,  the  chief  e.xhibition  waathat 
from  Cornwall  and  Devon,  which,  with  the  addition  of 
Cornish  felspar,  used  in  porcelain,  was  effective.  There 
were  some  examples  of  porcelain  clay  from  France ;  and  in 
the  Chinese  collection,  among  the  various  materials  em- 
ployed in  the  manufacture  of  porcelain,  were  some  illus- 
tratiFe  specinaens  of  similar  clays.  Many  examples  of  pipe 
and  other  clays  were  to  be  found,  as  well  as  e.tcellent 
illustrations  of  British  6re-c]aya  and  bricks. 

The  important  subject  of  mineral  manures  was  not 
forgotten.  The  various  substances,  bones,  teeth,  coprolites, 
and  concretions  of  phosphate  of  lime,  frOm  the  tertiary 
series  of  Felixstow,  near  Ipswich,  were  shown,  as  were  also 
the  various  bodies  containing  phosphate  of  time  from  the 
British  cretaceous  series,  of  some  localities.  There  was 
likewise  an  illustrative  collection,  pointing  to  the  import- 
ance of  mineral  manures  in  the  French  department. 

Of  the  mode  of  occurrence  of  gems  there  were  some 
Taluabic  illustrations,  such  as  of  the  emeralds  of  New  Gra- 
nada and  the  turquoises  of  Arabia.  If  it  may  be  permitted 
to  include  the  precious  stones  generally  (and  a  very  fine 
coUection  of  cut  gems  was  shown  in  the  Class  I,,  British 
De|mrtment),  looking  at  the  exhibition  of  them  generally, 
it  may  be  probably  regarded  as  the  most  remarkable 
ever  assembled  in  a  single  building. 

You  will  have  gathered  from  the  foregoing  sketch, 
that,  as  regards  mineral  raw  materials,  mining  and  metal- 
lurgical processes,  the  Exhibition  was  of  a  very  unequal 
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THiik  tbere  may  Lave  been  many  deficiencies, 

itm  ^m,  at  the  same  time,  many  important  illustrations 

«f  d»  da».     R^^arding  the  siibject  as  a  tvbole,  ne  have 

to  tffimit  what  has  aJnsdy  been  said  of  a  particular  branch 

tf  H,  thai  the  narvrl  is  how,  under  all  the  condilions  of 

I  inurh    that  was   effective  could  have   been 

It  is  most  desirable  that  the  real  rharacler 

of  Ab  pcwtion  of  the  Exhibition,  as,  indeed,  of  all  othen, 

i  be  tbonQghlT  understood,  alike  for  the  benefit  of 

L  kDOwM^e-«a  fat  future  progress.     Di-preciatiOD 

or  ejM^mtioD,  tbe  one  by  fraction  usually  producing  tbe 

cCkr,  hun  to  be  sl^  ■voided.     By  analysing  the  truth, 

igf  obtua'rcsalt!  web  ts  may  really  produce  advance,  and 

t  is  vftur  objcrt.     TJie  Great  Exhibition,  brilliant  as 

its  oovne  b«s  bem,  is  not  the  end ;  it  is  the  means  to  the 

tmi.    Tott  do  aot  intend  lo  stand  still,  and  look  back 

•MM  its  past  aptcndoar  as  a  thing  only  of  history ;  you 

fttapom  to  eontulcr  how  far  you  can  render  it  available  for 

fWnie  pabKe  good.     There  is  a  movement,  which  cannot 

'  W  mittakcn,  towards  more  general  instruction  connected 

«nth  tbe  indostry  of  our  country — a  movement  arising  out 

of  ibe  late  Exhibition.     That  this  movement  should  be 

fffe<^iv  the  ntinost  care  will  be  needed ;  and  as  far  as  the 

Girat  Eihibitton  can  instruct  us,   and  assist   the  good 

mtuw,  it  is  of  tbe  titniost  importance  that  its  brilliant  and 

itcM-nr«I  success  should  not  so  far  duzile  us  that  we  pass 

UHli«vtlMl  many  miiBidenitions  of  the  most  essential  kind. 

As  rejptnl*  the  class  with  which  we  arc  now  occupied, 

tt  >«  |>iMbtiblr  that  which  will  be  eventually  found  the  least 

iitWl*.     It  could  scarcely  be  otherwise.     I  may  be  here 
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mnmded  that  this  is  of  the  less  importance^  seeing  that 
the  State  has  abeady  provided  instraction  as  regards  it^ 
and,  indeed^  somewhat  more.  No  doubt,  the  commence- 
ment of  the  School  of  Mines,  lately  opened  at  the  Museum 
of  Practical  Geology,  has  been  very  successful,  and  that 
there  is  excellent  promise  for  the  future ;  but  this  present 
saocess  and  this  promise  for  the  future  seem  only  to  point 
oat  the  more  strongly  that  industrial  jnstruction  should  be 
extended,  and  that,  if  carefully  considered  with  reference 
to  the  wants  and  habits  of  our  country,  schools  in  aid  of 
the  various  branches  of  industry,  now  receiving  no  edu- 
cational assistance  whatever,  may  be  equally  successful. 
Best  assured,  there  is  no  want  of  power  in  our  land  to  pro- 
duce the  result  desired ;  that  power  has  but  to  be  aroused, 
and  to  be  skilfully  adjusted,  to  become  effective. 

Viewed  as  suggestive,  the  deficiencies  were  valuable  as 
pointing  out  the  need  of  instruction  generally  respecting 
the  true  character  of  mineral  raw  materials,  the  means  of 
extracting  them,  and  the  methods  of  rendering  them  avail- 
able to  man.  It  was  not  to  be  expected  that  the  mass  of 
the  thousands  daily  visiting  the  Exhibition  should  be 
capable  of  forming  a  correct  judgment  on  the  subject,  but 
it  became  an  object  of  importance  to  endeavour  to  ascer- 
tain the  proportion  of  those  termed — from  the  kind  of  in- 
struction they  usually  receive — the  educated  classes,  who 
really  appreciated  such  deficiencies.  Beyond  those  whose 
business  of  life  it  was  to  take  part  in  the  commerce  and 
industry  connected  with  the  subject,  and  who  readily  under- 
stood them,  it  was  but  too  clear  that  little  knowledge  of 
the  kind  was  diffused.     This  arose  from  no  want  of  power 
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the  osefal  applications  of  science ;  how  anxious  they  were 
to  Tisit  the  localities  whence  illustrations  of  thetai  were 
derired.  Let  ns  not  be  laggards  in  the  same  field ;  let  us 
also  utilize  the  Exhibition  for  progress^  and  not  let  its 
suggestions  pass  unheeded.  It  has  been  seen^  that  while 
we  had  much  to  teach^  and  many  were  the  points  con- 
nected with  our  mineral  wealth  which  engaged  the  anxious 
attention  of  our  visitors  from  other  lands^  we  had  also 
much  to  learn.  Let  us  strive  to  learn  as  well  as  teach^ 
and  thus  improve,  for  the  advantage  of  all,  the  good  fel- 
lowship established,  by  the  influence  of  the  Great  Exhibi- 
tion, among  so  many  able  men  of  various  lands ;  and  so 
that,  in  times  to  come,  that  Exhibition  may  be  truthfully 
regarded  as  having  been  a  real  benefit  to  man. 


December  2,  1851. 
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H      RAW    MATERIALS   FROM  THE   A? 
^k  KINGDOM. 


Is  comiDg  before  you  lliis  evening  with  some  observations 
«i  the  "  Animal  Substances  used  in  Manufactures,  dis- 
^Hbyed  in  tLe  Great  Exhibition  of  the  Works  of  Industry 
^Hf  &11  Nations,"  1  am  actuated  rather  by  a  dtfereiicc  to 
^^^e  august  source  of  the  suggestion  tbat  originated  the 
I  presetit  serica  of  lectures,  and  by  the  desire  to  comply 
with  the  request  with  which  the  Council  of  this  Society 
red  me,  than  by  any  confidence  in  the  worth 
f  what  I  may  h&ve  to  say.  My  habitual  studies  have, 
mly,  left  me  little  leisure  for  their  extension  beyond  the 
ructnrc,  developement,  and  purely  scientific  relations  of 
^  parts  of  animal  bodies  which  mankind  have  con- 
I  to  their  outward  use;  and  as  for  their  upplicutioos 
•  the  arts  and  manufacturea,  and  the  various  processes  to 
rtiich  they  are  therelo  subjected,  I  must  eonl'ess  myaelt' 
rein  a  poor  scholar  merely,  and  a  veiy  recent  one, 
■Oiring  such  elementary  iiirurmution  as  I  may  possess  to 
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opportmiitipa  afforded  HunDg  the  present  year  by  th^^ 
Orcttt    iinii    happily -coiiceivcd    Exhibition ;    from   whicfc;^ 
et'ery  cue,  no  uiattcr  what  his  social  or  intellectual  grade,^ 
iniitit   have  derived,  if  he  availed  himseir  of  it   at  atl.:sv 
lasting  instruction  and  benefit.     No  one  coidd  feel  mor^ 
oonKciuim  (ban  myself  of  my  want  of  alt  that  special  know — 
Ie<])te  mid  experience  which  might  have  been  looked  for  iiL 
B  Jiirar  for  the  Class  (.IV.)  of  "  Vegetable   and  Animal 
Snbtitauces  used  in  Manufactures,  as  Implements,  or  for 
Omarnents;"  and  1  was  aware  that  the  only  grounds  on 
whirh  my  name  could  hare  suggested  itself  to  the  Council 
of  the  Rrt-M  Exhibition,  as  that  of  one  likely  to  serve 
tliem  ill  that  capacity,  were  my  known  devotion  to  the 
aoiciice  of  the  organiiation  of  animals,*     It  was,  however, 
uri^eil,   that    such    scientilic    knowledge   would   help   in 
guiding  to  right  conclusions  on  the  nature  and  relative 
perfeclirtii»  of  the  raw  materials  assigned  to  the  inspection 
of  Jury  IV.;  and  I  need  not  say,  that  whatever  aid  it  wb» 
thought  1  might  mntribiite  towards  the  successful  car* 
rying  out  a  design,  enlisting  the  warmest  sympathies  of 
every  Englishman,  was  most  heartily  rendered,  to  the  best 
of  my  ability,  at  the  call  of  the  Royal  Commission.     In 
the  present  conclnding  scene  of  that  Act  of  the  Great  In- 
dustrial Drama  in  which  I  have  been  a  humble  performer, 
I  must  entreat  your  kind  indulgence  whilst  I  offer  yon, 
what  alone  I  feel  competent  to  do,  some  results,  namely,  of 
investigations  into  the  nature,  organization,  and  develope- 
nient  of  the  "  Animal  Substances  chiefly  used  in  Manu- 
•  "  OfficUl,  Dpjcriptive,  and  Illustrated  Catalogue"  (I.iat  of  Jumn), 
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f  fcctures,  as  Implements  or  for  OmanieDts,"  being  fully 
i  tliat  most  of  the  members  of  this  highly  useful 
['tnd  disltuf^uislied  Association  koow  much  better  than  I 
I  aui  pretend  to  do  tbe  art-aod-mauufacture  relations  of  the 
ccts  of  the  present  discomse. 
For  tbe  "  raw  luateriala"  from  the  vegetabk-  and  ani- 
I  kingdoms,  adapted  for  manufacturesj  mankind  owes 
re    to   the    powers  and  operations  of  Nature  than  to 
the   inveutioDs  and  appliances  of  Art;  and  in  the  series 
of  the  various  organic  products  of  almost  every  climate 
^vbieb   were   esposed   to   view   in   the  Esbibition  of  the 
■Works  of  Industry  of  all  Nations,  the  relative  excellence 
•  of  the  objects  to  be  compared  might  be  deemed  to  be 
iat  ratlier   to  peculiaritiea  of  soil  and  aky  than  to  the 
mdividual  merits  of  the  exhibitors.     Almost  every  vege- 
ri^Ie  or  animal   substance    may,    however,   be    modified, 
relation  to  its   utility  to    man,   improved,    by  a 
mge  of  the  circumstances  under  which   it  is  naturally 
feloped,  such  change  or  improvement  being  suggested 
a  patient  study  of  the  respective  influence  of  those  cir- 
t  upon  tbe  useful  properties  of  tbe  substance. 
I  farther  improvement  may  be  effected  by  carefully  de- 
Siding  the  raw  material  during  the  progress  of  its  de- 
ttlopemcnl  from  all  external  influences  ealculuted  to  de- 
erionite   or   injuriously   affect   it.     The   value   of  every 
inic  product  in  commerce  is  much  influenced  by  the 
f  its  collection,  or  removal  from  the  animal  or  plant 
1  developed,  and  by  the  processes  for  separating  the 
r  less  valuable  parts,  or  heterogeneous  matters, 
rinarketable  constituent;  and,  in  the  sense  in 


whicli  the  term  "  raw  material"  was  extended  in  its  ap- 
plication to  that  section  of  the  Exhibition  assigned  to 
Jury  IV.,  great  scope  for  both  chemical  and  mechanical 
skill  was  afibrded  in  the  extraction  and  preparation 
several  of  the  vegetable  and  animal  substances  appbed  " 
MaimfMCtures,  as  Implements,  or  for  Ornaments. 

In  the  examination  and  comparison  of  the  verj'  nui 
rolls  and  diversiBcd  substances  confided  to  their  judgment, 
the  Jurv  IV.,  over  which  I  had  the  honour  to  preside, 
were  guided  and  influenced  by  the  consideration  of  the 
iitvention,  ingenuitv,  skill,  and  industry  manifested  in  the 
amelioration  and  perfection  of  these  several  sabstvicea, 
and  by  the  degrees  in  which  unfavourable  cunditions  of 
soil  and  climate  had  been  thereby  overcome ;  and  in  de- 
ciding on  individual  merits,  they  were  careful  to  take  into 
account  I  be  natnnl  facilities  which  fkvoared,  and  the 
natural  difficulties  which  of^waed,  the  ralixation  of  the 
desired  qualities  in  the  raw  produce  tnosmitted  for  exhi- 
bitioD.  After  a  prdiminaiy  ^enenl  sarvrr  of  their  field 
of  opmtions  had  shown  its  vast  extent  and  the  ^nst 
pnetinl  iuportaacc  of  tke  objects  to  be  eompMcd,  the 
Jmj,  hsrii^  Rgnd  afao  to  tbs  evnest  dean  cipieMed 
far  opcditiaii  IB  iMrdeaaoM,  icsolvcd  Ihi  wlw  mita 
two  Coiamktecs,  om  far  die  Tesetabfe,  Oe  otkr  far  Ae 
fliimil  Kmgiaat;  wiiewiBg  and  tcatia^  hmt  time  to 
I  tbe  cndenc*  of  the  ipedd  ok- 


IW  sirtgeets  adedcd  far  tU>  ewu^  krtw^  ^  m 
hkh  I  A»a  BPw  ywcwd  ta  tfot,  tn  tW  mm*  idiiitfc 
i4  anartnt  oT  tkoee  -  isw  Mtcd^- wbeh  U  safe 
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I  Ifce  nm-eir  of  the  Committee  for  the  "  Animal  Kingdom." 
tAnd,  &nt,  of  tlie  animal  substauces  used  for  textile  pru- 
tdocta  and  dothiag. 

Wool. 

The  raw  material  of  most  importance  and  in  most  ge- 
riiasl  use  for  the  above  purposes  is  wool.     This  is  a  pe- 
culiar inodifi.cation  of  hair,  characterized  by  fine  transverse 
oblique  lines,  from  2000  to  4000  in  the  extent  of  an 
mcb,  indicative  of  a   minutely  imbricated   scaly  surface, 
1  riewed  under  the  microscope,  on  which,  and  on  its 
I  or  twisted  form,  depends   its  remarkable   felting 
"property,  and  its  consequent  value  in  manufactures. 

Most  quadrupeds  possess  the  woolly  variety  of  hair  as 
■It  uader-clothing,  but  iu  a  small  proportion,  and  hidden 
by  the  smooth,  exterior,  coarser,  and  straighter  kind  of 
bair.  In  the  wild  sheep  (e.  g.  the  argab  of  Central  Asia, 
Oru  amnion,  and  the  mouflon  or  musmon  of  Sardinia  and 
•ncA,  Oeii  musinton,)  the  woolly  variety  of  hair  is  dc- 
lopcd  in  excess ;  and  in  the  domesticated  races  the 
e  has  been  uiodiOed  and  improved,  in  various  degrees, 
f  crossing  the  breeds,  by  choice  of  cbmate  and  pasture^ 
B)d  by  careful  attention  aud  defence  during  its  growth, 
ttllil  not  only  has  the  original  coarse  character  of  the 
>duct  disappeared,  but  qualities  of  wool  of  different 
inda  and  of  different  degrees  of  superiority  have  been 
oblainecl,  generally  di*iaible  into  two  classes,  one  better 
adapted   for  "carding,"  the  other  for  "combing,^'  and 

Et)  available  for  a  great  variety  of  useful  and  elegant 
I 
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In  judging  of  these  qualities  in  the  wooli  exbi1 
the  Jurj"  tested  tbe  fineness  and  elasticily  of  the  fibre, 
degrees  of  imbrication  of  the  scaled  surface  of  the  fibre 
Rhown  by  the  microscope,  the  quantity  of  fibre  dcveli 
in  a  given  space  of  the  fleece,  the  comparative  ft^edom 
the  fleece  from  citraneous  matters,  and  the  akQl 
employed  in  preparatory  processes;  such,  for  example, 
that  termed  "sconring"  the  llcece,  upon  wl 
its  liability   or  otherwise   to  mat   at  the   bottom  of 
staple. 

I'robably  a  more  citensive,  varied,  and  inrti 
eoUcction  of  wools  was  never  brought  together  under 
roof  for  inspection  and  comparison  than  that  which 
contributed  to  the  Great  Exhibition;  and  it  exempli 
in  a  remarkable  degree,  the  extent  to  which  paste 
life — comraenced,  according  to  oldest  records,  in  Central 
Alia,  the  habitat  of  the  argali — has  since  been  spread 
over  the  globe.  From  the  provinces  of  Chinese  Tarttiry, 
from  Thibet,  and  India,  in  the  East,  to  the  lately  redeemed 
tracts  of  tbe  United  States  in  tbe  far  West ;  from  Iceland, 
and  Scandinavia,  in  the  North,  to  the  Cape  of  Good  Hi 
Australia,  and  TasmantB,  in  tbe  South,  specimens  of 
staple  of  the  flocks  there,  and  in  almost  every  iotermedi 
latitude  and  longitude,  preserved  and  multiplied  under 
the  fostering  and  moditj-ing  influence  of  civilized  man, 
had  been  transmitted  for  inspection  and  comparison. 

If  the  test  of  the  value  of  a  domestic  animal  be  the 
numbers  on  the  preservation  of  which  human  care  is  he- 
stowed,  and  on  the  extent  of  the  habitable  globe  over 
which  mankind  has  diCTused  the  species,  then  the  sheep 
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tales  the  first  rank.     With  regard  to  an  animal  so  essen- 

tiaDjr  rehtcd  to  the  welfare  of  mankind^  every  fact  in  its 

oatoral  history  is  of  special   interest^  and  we  are  par- 

tHmlarly  concerned  in  the  endeavour  to  trace  the  origin 

of  the  domesticated  variety  to  which  we  owe  so  much. 

The  recent  progress  of  palaeontology,  or  the  science  of 

fossil  organic  remains — remarkable  for  its  unprecedented 

rapidity — adds  a  new  element  to  the  elucidation  of  this 

questioD,  which  was   so  ably  discussed  by  BufFon,  and 

the  naturalists  of  the  last  century.     At  present,  however, 

the  evidence  which  palaeontology  yields  is  of  the  negative 

kind.    No  unequivocal  fossil  remains  of  the  sheep  have 

yet  been  found  in  the  bone-caves,  the  drift,  or  the  more 

tranquil  stratified  newer  pleiocene  deposits,  so  associated 

'ith  the  fossil  bones  of  oxen,  wild  boar,  wolves,  foxes, 

otters,  beavers,  &c.,  as  to  indicate  the  coevality  of  the 

sheep  with  those  species,  or  in  such  an  altered  state  as  to 

mdicate  them  to  have  been  of  equal  antiquity.     I  have 

W  my  attention  particularly  directed  to  this  point  in 

collecting  evidence  for  a  "  History  of  our  British  Fossil 

Mammalia/'      A\Tierever  the  truly  characteristic  parts,  viz. 

the  bony  cores  of  the  horns,  have  been  found  associated 

*ith  jaws,  teeth,  and  other  parts  of  the  skeleton   of  a 

mminant,   corresponding    in   size   and   other   characters 

^th  those  of  the  goat  and  sheep  in  the  formations  of  the 

newer  pleiocene  period,  such  supports  of  the  horns  have 

proved  to  be  those  of  the  goat.*     No  fossil  horn-core  of 

*  A  characteristic  fossil  of  this  kind  found  associated  with  remains  of 
t^  mammoth  and  leptorhine  rhinoceros,  in  the  newer  fresh- water  pleio- 
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8.  sheep  liBB  yet  been  anywhere  discovered  :  aiid  so  far  as 
this  Dcgative  evidence  goes,  we  may  infer  that  the  sheep 
is  not  geologically  more  ancient  than  man ;  that  it  ia 
not  a  native  of  Europe ;  but  has  been  introduced  by  the 
tribes  who  carried  hither  the  germs  of  civilization  in  theii 
migrattous  westwai'd  from  A.Bia. 

Natural  history,  as  yet,  possesses  no  facts  or  principle 
adequate  to  the  satisfactory  solution  of  the  question, 
whether  the  domesticated  sheep — the  Ovis  flWeaof  Liunteua 
— was  created  as  such  in  special  relation  to  the  exigencies 
of  man;  or  whether  it  was  the  result  of  man's  interfe- 
rence with  the  habits  and  wild  mode  of  life  of  the  argali 
{Ovis  ammon  of  Linnxus),  or  other  untamed  and  unsub- 
dued species  of  sheep.  Analogy  would  point  to  the  latter 
hypothesis  aa  the  more  probable  one.  Domesticated 
varieties  of  animals  have  been  established  from  wild  ori- 
ginals for  the  behoof  of  mankind,  within  a  comparatively 
recent  period  in  his  history ;  of  which  the  turkey,  intro- 
duced and  diffused  over  Europe  and  Asia  since  the  dis- 
covery of  America,  is  an  example.  Permanent  varieties 
of  the  Ovh  aries  itself  have  been  Instituted  by  the  art  and 
interference  of  man,  of  which  I  shall  presently  have  to 
recount  the  chief  circumstances  of  a  very  recent  and  re- 
markable instance.  The  most  ancient  records  of  our  race, 
both  sacred  and  profane,  tell  us  of  the  sheep  as  already 
an  animal  domesticated  for  the  fuod  and  clothing  of  man ; 
aud  it  is  a  significant  fact,  that  both  the  Scj-thiaus  of  the 

oene  otWaJlon,  io  EiMi.  ii  Sgnitd  in  nj  ■'  Binorj  of  British  Fossi! 
"  p.  1B9,  cut  204. 
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elented  phiDs  of  Inner  Asia^ — who,  according  to  Hero- 
Joto%  obtained  felt^*  and,  according  to  Strabo,t  food  from 
Aor  flocks — and  the  patriarchal  Hebrew  shepherds  of  the 
pluDi  of  Mesopotamia — the  earliest  instances  of  pastoral 
life— dwelt  in  that  part  of  the  earth  where  the  wild 
updi  (Ovis  ammon)  still  exists  in  greatest  numbers. 

He  ancient  Hebrews  were  wholly  an  agricultural  and 

piitond  people.      Their  pastures   are  described,   in   the 

65th  Psalm,  as  being  ''clothed  with  flocks.^^     The  reli- 

gxxu  metaphors   of  the  Bible  are  chiefly  derived  from 

futoral  life,  and  in  no  part  more  touchingly  than  in  the 

■cred  poems  ascribed  to   the  Royal  Psalmist: — "The 

Lord  is  my  shepherd.     I  shall  not  want.     He  maketh  me 

to  lie  down  in  green  pastures ;    he   leadeth  me  beside 

the  still  waters.     Yea,  though  I  walk  through  the  valley 

of  the  shadow  of  death,  I  will  fear  no  evil ;  for  thou  art 

*ith  me;    thy  crook  and  thy  staff,  they  comfort  me." 

(Ps.  niii.  1,  2,  4.)     And  again,  how  beautiful  a  pastoral 

pieture  is   pourtrayed  in  the  following  few  and   simple 

vords :  "  He  shall  feed  his  flock  like  a  shepherd ;  he  shall 

gither  the  lambs  with  his  arm,  and  carry  them  in  his 

k)flOiD,  and  shall  gently  lead  those  that  are  with  young." 

(I»a.  xl.  1 1 .)     It  is  not,  however,  from  the  records  of  a 

people  so  exclusive  as  the  Jews  that  we  can  trace  the 

•  Herodotiu,  iv.  73,  "They  live  under  trees,  covering  the  tree  in 
vJBter  with  strong  and  thick  undyed  felt,   and  removing  the   felt  in 


t  "They  do  not  tiU  the  ground,  hut  derive  their  sustenance  from 
ibeqiaod  fish,  after  the  manner  of  the  nomadic  Scythians." — Strabo, 
IL  cap.  viii.  p.  486.  Both  cited  hy  Mr.  Yatei  in  his  classical  work, 
*'  Textrinum  Antiquorom." 


Afrn;  BRd  tfet.  ■  \im  t^n^  tke  4r  nd  hot 

says,  *■  VCR  nwll.  and  nabnid  of  ksg  wooOj,  wen 

in  Xortbeni  Afinca  M  Ae  iMc  of  Pfa^r  vc  nmj 
idea  (ran   tbe  epitbei   -griuUt*.*^**— 
floc^"  ^pbed  by  tWt  poetf  to  (&tmpiialt 

It  appesni  by  qwnttfioni  faoM  Hippooas — a  poet 
Ephc^uf,  vbo  fcariahwl  abowt  540  years  before  Chris*^ 
Bad  vho  aUodn  ta  tbe  wooDn  hhiin  of  the  Coraii,  wk  ^ 
oecoiued  pirt  of  modmi  Cimssii — as  vrll  as  from  coi*- ' 
mee  to  the  comioeKe  of  Miletus,  at  th*^ 
period  the   greatfrt  eomnteroJ  city  nest  to  TStc  anc^ 
Carthagr,  thm  the  pn^^resa  of  sheep-breeding  towards  th^^ 
north-west  was  across  the  Eoxine    Sea,    and  the  straits 
connected  with   it,  into  Euroi»c.      Thrace   is   called  hjT 
Homer  "  the  mother  of  flocks ;"  X  and  this  is  the  earliest 
record  of  the  domestic  sheep  in  Europe,     From  Tlimcc 
we  trace  them  to  Thessaly,  and  thence  to  Greece,  where 
they  were  so  generally  and  sucecMfully  reared  and  tended, 

*  C»p.  ii.  »ep.  I.  3.  died  in  "Texlr.  Anl..'"  p.  94. 
f  Pjth.  Li.  II,  cited  in  ibid-,  p.  2S. 
I  Iliad,  A.  222. 
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f  that  "Arcadia^'  became  the  scene  of  all  that  the  poets 
ling  of  the  beautiful  in  pastoral  life.  Here  the  god  Fan 
nsfeig;ned  to  be  bom  —  Pan  the  god  of  Arcadia;  and  to 
tnce  his  worship  from  Greece  to  the  colonies  settled  in 
Itily  and  Spain  is  to  follow  the  progress  of  the  diffusion 
of  the  domesticated  flocks  and  the  pastoral  people  over 
wbom  Pan  especially  presided. 

From  Spain  and  Italy  the  breeding  of  sheep  extended 
into  Germany  and  Gaul ;  and  Caesar  found  abundant 
cittle  (peeoris  maffnus  numerus),  which  may  be  inferred  to 
indnde  sheep,  amongst  the  aborigines  of  Cantium  or 
Kent,  whom  he  describes  as  being  "  the  most  advanced 
in  civilization  of  all  the  ancient  Britons.^^  I  shall  here 
?uit  the  history  of  the  diffusion  of  the  domestic  sheep, 
^th  the  remark  that  some  of  those  procedures,  which 
>re  now  most  influential  in  improving  the  staple  of  the 
fleece,  were  practised  in  ancient  times.  Varro*  speaks 
of  the  cu:>tom  of  the  Athenian  shepherds  of  covering  their 
Aeep  with  skins,  in  order  to  improve  the  fleece ;  and  the 
Cynic  Diogenes,  in  reference  to  a  similar  practice  amongst 
the  shepherds  of  Megaris,  whose  children  were  allowed 
to  run  about  naked,  says,  "  he  would  rather  be  the  ram, 
4an  the  son,  of  a  Megarensian/'t 

The  continuance  of  these  arts  of  ancient  pastoral  life, 
combined  with  suitable  climate  and  locality,  and  the  exer- 
cise of  skill  and  tact  in  crossing  and  breeding  from  the 
best  varieties  of  the  domesticated  sheep,  have  combined 
to  produce  the  fine  qualities  of  the  staple,  which  were  so 

*  Dc  Re  Rurtica,  ii.  2.  ("  Textr.  Ant,"  p.  40.) 
t  Diog.  Laeit.  vi.  41.  (lb.  p.  42.) 


PROM  THE  ANIMAL  KINGDOM.  89 

cnnen^  but  of  a  very  fine  quality  of  fibre ;  it  was  a  little 

inferior  to  the  best  Silesian  examples  only  in  being  some- 

wbat  thinner  or  poorer  in  substance.     The  fine  imbri- 

ation  and  elastic  properties  of  the  fibre  were,  however, 

lonarkably  characteristic  of  this  fleece. 

Prom  the  difficulty  of  arriving  at  a  correct  judgment 
of  the  degrees  of  individual  merit,  especially  from  samples 
pring  an  uncertain  indication  of  the  average  value  of  the 
produce  of  the  flocks,  the  Jury,  whilst  awarding  the  prize 
nedal  to  the  best  exhibitors,  came  to  the  conclusion  of 
tntifying  their  sense  of  the  peculiar  value  and  excellence 
rf  the  felting  or  carding  wools,  adapted  to  the  manu- 
bctiire  of  the  finest  kinds  of  cloth,  which  were  exhibited 
ia  the  Austrian  department,  by  recommending  the  trans- 
laission  of  a  Council  medal  to  the  Government  of  that 
empire. 

In  the  ZoUverein,  the  fleeces  transmitted  by  E.  Liib- 
«ot  from  Zweybrodt,  near  Breslau,  were  very  remarkable 
for  those  qualities  which,  like  the  Austrian  Silesian  wools, 
•dipt  them  for  the  fabrication  of  the  finest  cloths.  The 
Mine  fleeces  of  two-year-old  ewes,  from  Bromberg,  ex- 
Uited  by  Legations-Rath  Kuepfer,  were  characterized  by 
fte  fineness  and  regularity  of  the  staple,  and  favourably 
jBnitrated  the  advance  of  the  improvement  of  wool  in  the 
ftwrian  districts  of  the  Middle  Vistula.  I  must  also 
tarti(m  the  specimens  exhibited  under  Nos.  45  and  46 
.^thc  Oberburggraf  von  Briinneck,  viz.  the  fleeces  of  a 
fc,     nm  and  one  ewe  from  a  merino  flock  at  Bellschwitz,  and 

L 

^     ttespecimens  of  wool  indiscriminately  taken  from  a  merino 
loA  at  Rosenberg;  for  these,  though  rather  inferior  in 
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quality  to  the  finest  Silesiao  wools,  manifested  a  fineness, 
softness,  and  elasticity  of  fibre,  and  a  regularity  of  staple, 
which  in  the  opinion  of  the  Jury  merited  an  award  to  the 
exhibitor  of  the  prize  medal.  The  Bellachwiti  fiock  was 
procured  by  the  Oberburggraf  iu  Spain  in  1814,  and 
aftemards  improved  by  additions  of  the  finest  Saxon  and 
Silesian  races  in  1820  and  1824. 

In  America,  the  wool  transmitted  by  Mr.  J.  H.  Ewing, 
fi-oni  Washington,  Pennsylvania,  was  remarkable  for  the 
good  substance  of  the  fleece,  as  well  as  for  the  quality  of 
the  fibre,  and  the  Jury  awarded  to  him  the  prize  medal. 
One  of  the  able  Experts,  who  rendered  valuable  aid  to  the 
Jury,  was  of  opinion  that  "  the  wools  shown  by  America 
most  approximated  to  the  character  of  the  German  wools," 

In  Russia,  the  specimens  of  wool  from  Livonia  ex- 
hibited by  N.  N.  Schloss-Wikaten,  appeared  to  be  derived 
from  a  fiock  of  Silesian  origin,  and  exhibited  all  those 
characters  of  the  fibre  which  adapt  it  for  good  clothing 
purposes. 

The  wool  from  the  merino  sheep  from  Spain,  for  which 
that  country  was  once  so  famous,  showed  all  those  charac- 
ters which  distinguished  it  a  century  ago ;  but  not  the 
advance  and  improvement  made  by  the  sheep -breeders  who 
have  since  introduced  the  same  variety  into  suitable  localities 
in  Saxony,  Prussia,  Austria,  Hungary,  and  A ustro- Silesia, 

The  best  examples  of  Spanish  wool  were  exhibited 
under  No.  230,  by  Don  Justo  Hernandez.  Of  black  and 
white  wool  from  Salamanca,  four  samples  were  transmitted 
by  this  exhibitor: — 1.  Unwashed  wool  for  clothing  pur- 
poses; 2.  Unwashed  wool  for  worsted;  3.  Wool  washed 
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before  shearing,  in  the  Sa.toa  manner ;  4.  Wool  shenrcd 
in  Februarj-  1851.  Don  Hernandez  had  introduced  into 
Spain  the  custom  of  clothing  the  sheep  from  the  be- 
giuning  of  December  to  the  end  of  May;  and  amongst 
the  specimens  transmitted  to  the  Exhibition,  was  a  fleece 
which  had  been  ao  defended,  and  one  that  had  been 
exposed  to  the  direct  influence  of  the  atmospheric  agen- 
cies. The  difi'erencc  in  the  quality  was  remarkable,  and 
fipokc  decidedly  in  favour  of  the  temporary  protection  of 
the  fleece. 

In  Prance,  the  specimens  of  wool  selected  as  meriting 

the  reward  of  the  prize  medal,  were  those  exhibited  under 

No.  1249,  by  I,e   General  Giiod  de  I'Ain.     The  fleeces 

of  menno  wool,  from  this  exhibitor's  flock  at  Nuz,  although 

of  8  tbin  staple,  and  apparently  not  full  giown,  mauifested 

the  qnalities  adapting  it  for  the  finer  descriptions  of  cloth 

in  an  excellent  degree.     No.  1080,  from  the  "National 

Sheep-fold  of  Rambouillct,"  showed  similar  qualities  iu 

lour  dceccs  of  the  true  merinos.     No.  1312,  E.  Lefevic  : 

the  specimens  of  wool  in  tufts  transTnitted  by  this  ex- 

^^^or  from  Gevrolles  (Cote  d'Or)  were  long  in  the  staple 

^^bd  ray  sound,  forming  a  very  auperioi-  description  of 

^^■nbing  wool.     No.  354,  F.   Richer :    the  two   fleeces 

^^oTnimit,  of  pure  merino  breed,  two  years  old,  transmitted 

j!rom   Couvix,   Calvados,   exhibited  praiseworthy  care  and 

■kill  in  the  management  of  the  flocks. 

Amongst   the  series  of  wools  shown  in  the   French 

Mrtment  were  specimens  characterized  by  a  well-skilled 

^Uidi  expert  a»  "a  wool  of  singular  and  peculiar  pro- 

;    the  hair    glossy  and    silky,   similar   to    mohuir. 


c  ihe  amat  tine  oerbn  fnpatiea  of  the  mcm^  < 

I"    ISd*  wool  «si  eAftrtrf  nn^  No.   245,  bi 

.  Gxvo,  of  Ac  £«■  (f  IJMPltBtnp,  Cuimmimc  Sr. 

■e),  ai  Ac  pndatK  of  a  pecoliar  i-ariety  oi 

t  isf  colnEd  Bto  ^  ■%iiiij.  not  onlj'  iDto  t)i< 
>  ail  m&Btaoa,  but  into  the  particubr- 

■  <tf  Abb  aev  land  of  wool,  and  fonnii  i' 
•%B«Be«f  Abvhj  far  fBtfanw  in  which  the  on=nt)Dli»ii 
fiety  of  «  iowei<ie  quadnipcd  could  be 
sir  tnoed,  witk  all  die  dttnuDBtaoces  attenilins 
le&t  n£  BotlieatiaUi    The  folloHbg  a  ^ 
il  of  Una  mtanatiaE  cue. 
■  Oe  ycv  1S28,  one  of  ^  ewca  of  the  Hock  of  ra^ 
t  ui  tlK  ftra  of  Manchamp  prodaced  a  male  hnib, 
*  «•  k  gmr  ^  became  remarkable  for  the  lon^i 
,  >t^igb^  aod  ailky  tJiaracter  of  the  libre  of  il^^ 
1  for  iW  nDODlbiKss  of  its  horns  :  it  wu<i  of  smn'! 
,  and   pmented  oertaio  defects  in  its  conformatioiij 
t  hare  (Usappeared  in  its  descendants.     In  1829  M- 
OmHS  cwployctl  this  ram  with  a  view  to  obtain  other  nm 
tMviiiit  the  same  quaUty  of  wool.     Tlie  produce  of  1830 
tHC^tuttt]  rtuly  one  ram  and  one  ewe  having  the  silky  qualit)* 
ttf  iWwwl;  that  nf  1831  produced  four  rams  and  one 
fW(i  with  ihr  licccc  of  that  quality;  ia  the  year  1833  the 
mii«  with  llic  silky  variety  of  wool  were  sufficiently  nu- 
nirniUH  "f  theuiJflvca  to  serve  the  whole  flock.     In  eacli 
•ittiiniiiMit  year  the  lambs  have  been  of  the  two  kinds; 
tHlii  ii|T«rrviiig  the  characters  of  the  ancient  race,  with  the 
Mrlvtli  I'luatio  wool,  only  a  little  longer  and  finer  than  in 
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the  ordinary  merinos ;  the  other  resembling  the  rams  of 
the  new  breeds  some  of  which  retained  the  large  head^  long 
neck,  narrow  chesty  and  long  flanks  of  the  abnormal  pro- 
ctor, whilst  others  combined  the  ordinary  and  better 
fonned  body  with  the  fine  silky  wool.     M.  Graux,  profiting 
by  this  partial  resumption  of  the  normal  type  of  the  merino 
in  certain  of  the  descendants  of  the  mal-formed  original 
Twiety,  at  length  succeeded^  by  a  judicious  system  of  cross- 
ing and  interbreeding^  in  obtaining  a  fiock  combining  the 
long  fine  silky  fleece  with  a  smaller  head^  shorter  neck^ 
Woader  flanks,  and  more  capacious  chest.     Of  this  breed 
the  flocks  have  become  sufficiently  numerous  to  enable  the 
proprietor  to  sell  examples  of  the  breed  for  exportation. 
The  crossing  of  the  Mauchamp  variety  with  the  ordinary 
merino  has  also  produced  a  valuable  quality  of  wool,  known 
in  France  as  the  "  Mauchamp  merino/'     The  fine,  silky 
tool  of  the  pure  Mauchamp  breed  is  remarkable  for  its 
^nilities  as  combining  wool,  owing  to  the  strength  as  well 
tt  the  length  and  fineness  of  the  fibre.     It  is  found  of 
great  value  by  the  manufacturers  of  Cashmere  shawls, 
kcing  second  only  to  the  true  Cashmere  fleece  in  the  fine 
fail)le  delicacy  of  the  fabric,  and  of  particular  utility  when 
combined  with  the  Cashmere  wool,  in  imparting  to  the 
mann&cture  qualities  of  strength  and  consistence  in  which 
the  pore  Cashmere  is  deficient. 

Although  the  quantity  of  the  wool  yielded  by  the 
Mauchamp  variety  is  less  than  in  the  ordinary  merinos,  the 
higher  price  which  it  obtains  in  the  French  market  (25  per 
cent  above  the  best  merino  wools),  and  the  present  value  of 
ti&e  breed,  have  fully  compensated  M.  Graux  for  the  pains 


«ac  TV>  uv  lursKiALs 


Ml  can  vUlh  ht  U>  miaitestti  in  the  establishment  of  I 

K  AtWH^-    Ov J«y,  ihndUt,  talEing  into  coDsiileration 

■A*  qn^r  «f  ■»<■>>(>■  vipdi  Wl  be^  superadded  to  Ik 

BiKI  in4  Mbatij  nfawn  icr  obtaining  the  finer  qiiali- 

•  «f  vraal  VBdn-  «■;  dituwituwi,  in  the  developem^ul 

t  MV  «iwt<y  rfahwp  jntMn^  the  siiecimens  olit- 

[  ia  No.  M5^  noMUMsded  Ihu  the  Council  medal 

1  b»  ammM  to  M.  J.  L.  Gmtx. 

i  e— poi»liwly  OMtM  dunate  of  England  is  ud- 

he  dmfopatpmt  cf  the  hig^hcEt  qualities  uf 

Vt  an  esKMtkUjr  t  [vactical  people,  aud  it  inea 

1  poj  to  give  tW  Aetp  tbe  cxtcoaiTc  range,  or  allnir 

F  9tm  ^  k*(t^  «f  Vif^  whidi  are  amongst  the  conditions 

f  tft  be  added  to  ctJaiiM  fer  the  acquisition  of  the  iae»t 

TW  yrterauMiUe  |Jains  and  mountain-rangra  of 

lia  and  Tkawaitia,  vberc  the  docks  graze  under  the 

A  filvwuaUe  of  Axa,  xm  to  prodace  for  us  tlic  tkwIb 

Itqwiml  liir  oar  Htanalacturen  cheaper  than  they  coulJ  b^ 

denlufMil  at  home.     Our  bosioeBs  is  to  breed  sheep  fat 

matltui,  not  (ur  woo) :  to  impcore  the  stot^  wlileli  in  tb^ 

ahortcst  tiiue  put  the  most  meat  ou  the  smallest  benca- 

The  rt«e«  must  alwajs,  therefore,  be  a  secondary  object 

with  a  good  rariuer.     Nevertheless,  verr  respectable  sun- 

ple«  of  iTDol  were  exhibited  in  the  English  depi 

the  Great  Exhibition. 

The  samples  of  trool  transmitted  from  Chichesteti 
Mr.  C.  Dorricn  gave  evidence  of  a  vcrj-  high-bred 
and   maniTcslcd   qunlities   of  fibre   for  which    the 
awarded  the  priie  medal. 

The  specimens  of  nool  fi^m  the  South  Down 


object 
:  sun- 

1 
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tnnsmitted  by  Mr.  J.  6.  Rebow,  also  presented  qualities 
ot  such  excellence  as  to  call  for  the  award  of  the  prize 
iDedal. 

The  fleeces  of  Cheviot  wool,  grown  at  an  elevation  of 
2600  feet  above  the  level  of  the  sea,  exhibited  by  Mr. 
Henderson,  of  Wooler,  Northumberland,  were  remarkable 
for  the  fine  silky  quality  of  the  fibre,  which  is  well  adapted 
fer  the  blanket  manufactory. 

Perhaps  many  who  are  now  present  may  recollect  an 
object  of  curiosity  which  was  shown  in  the  south  gallery 
of  the  English  department.  It  was  a  South  Down  ewe, 
Jtuffed,  seven  years  old,  which  had  never  been  shorn.  The 
weight  of  the  accumulated  annual  fleeces  was  36  lbs.  This 
specimen  was  exhibited  by  Mr.  J.  Moore,  of  Littlecott 
Farm,  Pewsey,  Wilts. 

In  the  department  of  Australia  the  case  containing  132 
specimens  of  merino  wool,  contributed  by  Lieut.-Col.  E. 
Micarthur,  exhibited  very  favourable  examples  of  the  con- 
dition of  the  fleeces  of  that  valuable  variety  of  the  sheep 
m  ^ew  South  Wales.  The  Jury  regretted  that  the  quan- 
tities transmitted  were  too  small  to  afford  the  requisite 
means  of  judging  of  the  average  qualities  of  the  flocks; 
fcnt,  taking  into  consideration  the  important  services  ren- 
dered by  Lieut.-Col.  Macarthur  to  the  colony  of  Australia 
by  his  persevering  and  successful  endeavours  to  develope 
«  source  of  wealth  from  the  merino  breed  of  sheep,  they 
twarded  to  him  the  prize  medal. 

The  first  importation  of  wool  from  New  South  Wales 
into  England,  in  1807,  was  245  lbs.  In  the  year  1848 
the  quantity  from  New  South  Wales  alone  amounted  to 
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23,000,000  lbs.,  valued  at  more  tban  1,200,000;.  ster- 
liDg* 

In  Russia,  gooJ  examples  of  fine  unwashed  Caslirnere 
goats'  hair  were  exliibited  by  J.  Abrauioff,  of  Ekatenno- 
slaff,  and  L.  K.  Narislikin,  of  Saratoff,  district  of  Bala- 
sheffsk. 

In  India,  specimens  of  tlie  wool  of  the  sheep,  the  lamb, 
and  the  camel,  were  exhibited  from  Cutch,  Sindh,  and 
Assam.  Goats'  hair,  or  down,  of  Thibettan,  Pcnsian,  and 
Hindostanee  breeds,  was  also  transmitted,  together  with  a 
fine  silky  kind  of  down  from  the  "  Tsos"  antelope. 

The  specimens  of  wool,  or  down,  the  production  of  the 
Cashmere  goats  kept  by  his  Royal  Highness  Prince  A.lbert 
at  Windsor,  and  exhibited  by  hia  Royal  Highness,  were 
interesting  examples  of  an  additional  staple  new  to  England, 
and  gave  encouragement  by  their  quality  to  the  repetition 
of  similar  efforts  to  multiply  and  pi-esevve  that  remarkable 
variety  of  the  genua  Capra.  This  staple  includes,  besides 
the  closer  and  finer  hairs  answering  to  the  wool  of  sheep 
and  the  fur  of  other  quadrupeds,  a  coarser  or  stronger 
kind  of  white  hairs.  Both  kinds  are  of  value  in  manufac- 
tures— the  stronger  hairs,  which  require  to  be  picked  out 
prior  to  attempting  to  manufacture  the  finer  portions, 
being  afterwards  used  in  the  fabrication  of  coarse  woollen 
cloths.  This  example  of  European  Cashmere  wool  would 
have  received  a  medal  from  Jui'y  IV,  had  not  one  already 
been  awarded  to  it  by  the  Jmy  of  Class  XII. 


■ol.  ii.  p.  989. 


^H  Haib  AMD  Bristles. 

^"  Of  the  BpcoiiueDa  of  hair  and  bristles,  a  brief  notice 
H'ill  suffice.  The  best  developed  and  most  valuable  cx- 
ampk-s  of  these  productions  were  exhibited  in  the  Rusaian 
itepartmeDt,  in  which  the  Jury  selected  those  ehown  under 
No.  3-10,  by  Kondriaozof  and  Jadenof^ky,  for  the  award  of 
the  prixe  Dieilal,  merited  by  the  siiperiur  qualities  of  the 
horse-hair  cshibiled  by  them  under  that  number.  In  the 
ample  of  white  hair  from  the  tail,  the  hairs  were  forty 
inches  in  length,  and  of  the  first  quality  for  evenness, 
elasticity,  and  shining  surface.  In  the  sample  of  black 
tails,  the  Lairs  were  forty-two  inches  in  length.  Fine 
■peciniens  of  white  hair  from  the  mane,  of  from  twenty- 
eight  to  tliirty  inches  in  length,  both  transparent  and 
fqiie,  and  good  samples  of  horse-hair  for  furniture,  both 
ited  and  untwisted,  black,  grey,  and  white,  were  also 
wn  by  the  above  firm. 
Of  the  sample  of  bristles  exhibited  in  the  Russian 
department,  the  Jury  selected  No.  133,  sent  by  MJl. 
Semeuoff  and  Faleyeff,  as  desei-viiig,  from  the  superiority 
of  tlie  combined  qualities  of  strength,  elasticity,  and  fine- 
ness of  sui-face,  the  prize  medal.  These  qualities  were 
[tarticularly  shown  in  the  packets  of  the  sorted  variety 
called  "  okatka," 

Camels'  hair  cloth,  bristles  from  the  wild  boar  and  the 
elephant,  and  qnilla  of  the  porcupine,  were  exhibited  in 
the  Indian  department;  and  I  must  not  omit  to  mention 
that  in  the  departnient  of  Spain,  Don  D,  Delgado,  of 
Saragosaa,  exhibiled  some  interesting  examples  of  the  hiur 
of  the  rabbit  and  hare,  shaved  off  the  skin  hy  a  mechanical 
The  vast  numbers  of  those  prolific  rodents  in 
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Spain  aSbrd  a  large  supply  of  tbis  kind  of  hair,  wliic^ 
put  to  the  same  uses  as  down. 

Baleen. 

I  have  ncit  to  s])cali  of  a  suljBtance  which,  thoi^ 
coniiuonly  called  "  whalebone,"  has  uothing  of  the 
of  bone  in  it,  but  is  an  albuminous  tissue,  nearly  allied  I 
hair  and  bristles,  both  in  its  chemical  and  vital  prop^ 
and  its  mode  of  developentent. 

Of  all  the  creatures  which  man  has  subdued  for  1 
advantage  and  use,  that  which  surpasses  everj-  other  aniil 
in  bulk,  and  which  lives  in  an  element  unfitted  for  mil 
existcuce,  might  be  supposed  to  be  the  last  that  he  noi 
have  the  audacity  to  attack  or  the  power  to  overcon 
The  great  whales  that  "  tempest  the  ocean  "  are  abhj, 
many  instances^and  a  very  recent  one — have  showny 
stave  in  the  bottom  of  a  ship  by  a  blow  of  their  must 
and  crack  a  boat  by  u  nip  of  their  jaws,  as  easily  as  ' 
would  a  nnt.  "  Si  sua  robora  normt !" — if  they  did  % 
know  their  strength,  and  how  to  use  it,  pursuit  would 
in  vain,  and  whales  would  become  the  most  dreaded  i 
Btead  of  the  most  coveted  of  the  denizens  of  the  deep. 

The  cetaeeans,  which  afford  the  whalebone,  or,  ml 
properly,  baleen -plates,  are  of  a  more  timid  nature  tl 
the  great  sperm-whalca,  which  commonly  cause  the  ca! 
strophes  alluded  to;  they  hai'e  no  teeth,  bat  in  tb 
place  they  have  aubstitutes  in  the  form  of  horny  plates, 
ending  in  a  fringe  of  bristles — a  peculiarity  first  pointed 
out   by   Aristotle*      Of    these   plates,   pi-operly    called 


*  Tlie  [inasage  oi 


ira  ID  (he  12lli  cbaplerof  the  M  book  of  the  "  Hu- 
ll has  given  rue  ta  nmch  specatation  and  coDtK- 
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"baleen/'  the  largest,    which    are  of   an    inequilateral 
tnaogolar  fonn,  are  arranged  in   a   single   longitudinal 
^m  on  each  side  of  the  upper  jaw,  situated   pretty 
cl(»e  to  each  other,  depending  vertically  from  the  jaw, 
vith  their  flat  surfaces  looking  backwards  and  forwards, 
and  their  unattached  margins  outwards  and  inwards,  the 
Erection  of  their  interspaces  being  nearly  transverse  to  the 
axis  of  the   skull.     The   smaller   subsidiary  plates   are 
arranged  in  oblique  series,  internal  to  the  marginal  ones. 
Tie  base  of  each  plate  is  hollow,  and  is  fixed  upon  a  pulp 
developed  from  a  vascular  gum,  which  is  attached  to  a 
broad  and  shallow  depression  occupying  the  whole  of  the 
palatal  surface  of  the  maxillary,  and  of  the  anterior  part 
of  the  palatine  bones.     The  base  of  each  marginal  plate 
is  the  smallest  of  the  three  sides  of  the  triangle ;   it  is 
unequally  imbedded  in  a  compact  subelastic  substance, 
which  is  so  much  deeper  on  the  outer  than  on  the  inner 
«de,  as  in  the  new-bom  whale  to  include  more  than  one- 
half  of  the  outer  margin  of  the  baleen-plate.     The  form  of 
the  baleen-clad  roof  of  the  mouth  is  that  of  a  transverse 
arch  or  vault,  against  which  the  convex  dorsum  of  the 
thick  and  large  tongue  is  applied  when   the   mouth  is 
closed.    Each  plate  sends  off  from  its  inner  and  oblique 
margin  the  fringe  of  moderately  stiff  but  flexible  hairs 
which  projects  into  the  mouth.     The  bases  of  the  balecn- 


v^:  "Mjsticetiis  etiam  piloa  in  ore  intus  habet  vice  dentium,  suillis 
*ti8  ninileg."  To  a  person  looking  into  the  mouth  of  a  stranded  whale, 
^  ooQcarity  of  the  palate  would  appear  to  be  beset  with  coarse  hair. 
^  species  of  Bal^tnoptera^  which  frequents  the  Mediterranean,  might 
^  •flbrded  to  the  Father  of  Zoology  the  subject  of  his  comparison. 
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plates  do  not  stand  far  apart  fvom  one  another,  but  the 
anterior  and  posterior  waLs  of  the  pulp-fiasure  are  respect- 
ively confluent  with  tlic  contiguoua  divisions  of  the  bases 
of  the  adjoining  plates  at  their  thin  and  extreme  margins, 
which  by  this  confluence  close  the  basal  end  of  the  inter- 
space of  the  baleen- plates,  which  interspace  is  occupied 
more   than  half  way  down  the   plate  by  the   cementing 
substance,  or  gum.     Thin  layers  of  horn  in  like  munncr  i 
connect  the  contiguous  plates,  and  may  be  traced  extend-P 
iug  in  parallel  curves  with  the  basal    connecting   laye*^ 
across  the  cementing  substance. 

The  baleen-pulp  is  situated  in  a  cavity  at  the  base  of 
the  plate,  like  the  pulp  of  a  tooth  ;  whilst  the  external 
ceuienttujr  material  maintains,  bulk  with  respect  to  t 
pulp,  and  to  the  portion  of  the  buleen-plate  which  it  c 
velopes,  the  same  relations  as  the  dental  capsule  bears  to  the 
tooth.  According  to  these  analogies,  it  must  follow  that 
only  the  central  fibrous  or  tubular  portion  of  the  baleen- 
plate  is  formed,  like  the  dentine,  by  the  basal  pulp,  and 
that  the  base  of  the  plate  is  not  only  fi.xt-d  in  its  place  by 
the  cementing  substance  or  capsule,  but  must  also  receive 
an  accession  of  horny  mateiial  from  it.  ^Hj 

The  baleen-plates  are  smallest  at  the  two  extremitiet.^^ 
of  the  scries;  in  the  Southern  whale  {Balsna  Auslralis) 
they  rapidly  increase  in  length  to  the  thirtieth,  then  very 
gradually  increase  in  length  to  about  the  one  hundred  and 
fortieth ;  from  this  they  as  gradually  dimiJiish  to  the  one 
hundred  and  sixtieth  plate,  and  thence  rapidly  slope  away 
to  the  same  small  size  as  that  with  which  the  series  com- 
menced.    Besides  the  external,  and,  as  they  may  be  termed, 


if 
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Dannol,  plates,  which  have  just  been  described,  there 
developed  from  the  inner  part  of  the  palatal  gum,  in  the 
\Utiui  Autlralis,  a  ecries  of  smaller  fringed  piijcesseSj 
progressively  decreasing  in  bikb  as  they  recede  from  the 
Urge  external  plates  :  the  small  plates  clothe  the  middle 
Kgioa  of  the  palate  with  a  finer  kind  of  hair,  against 
which  the  surface  of  the  tongue  more  immediately  rests; 
they  are  also  arranged  in  longitudinal  aeries,  which,  hoiv- 
ercr,  are  not  parallel  with  the  external  one,  bnt  pass  from 
the  iiincr  margin  of  that  series  in  oblique  lines  iiinarde 
baek  wards. 

In  the  great  Northern  whale  {Baliena  mysticetua)  the 
plates  which  succeed  the  large  ones  of  the  outer 
row,  are  more  numerous,  and  are '  relatively  longer  and 
larger  than  in  ihe  Baltena  Australis.  Mr.  Scoresby,  who, 
iu  his  account  of  the  Baltsna  myxtkeius,  notices  only  the 
marginal  plates,  states  that  they  are  about  two  hundred 
in  number  on  each  side ;  the  largest  are  from  ten  to  four- 
feet,  very  rarely  fifteen  feet  in  length,  and  about  a 
in  breadth  at  their  base.  These  plates  are  overlapped, 
concealed  by  the  under  Up  when  the  mouth  is  shut, 
le  Balceiiopter<e,  or  fin-hacked  whales,  the  baleen- 
isea  internal  to  the  marginal  platen  are  fewer  and 
than  in  the  true  whales  (Balana).  The  marginal 
ire  more  numerous,  exceeding  three  hundred  on 
le ;  they  are  broader  in  proportion  to  their  length, 
much  smaller  in  proportion  to  the  entii-e  animal; 
irc  also  more  bent  in  the  direction  transverse  to  their 
axis, 
Each  plate  of  the  baleen  consists  of  a  central,  coarse, 
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fibrous  substance,  and  an  exterior  compact  fibrous  layer; 
but  tliis  rescfam  to  k  wrtain  extent  only,  beyond  whii 
the  ccntn]  jMirt  prujecCs  ia  the  form  of  the  fringe  oJ 
bristles.  The  tdiemica]  basb  of  baleen,  according  to  the 
exj>«rieiic«l  Frulesaor  Bruide,  is  albumeu  hardened  by 
small  pru[iuftiuii  ut'  phosphate  of  lime.* 

The  tiual   purpose  o£  this  singular  armature 
npyer  j&«  of  the  gnali  whahs  k  to  secure  the  ca]>ti 
rettBtioB  of  tba  sanli  Asating  moUusks  aud  crustacet 
h  serve  pnaetpaOr  u  tbetr  hod.     Wheu  the  capacit 

Mtth  is  opened,  the    Mnter    rushes  in,  and  is  strained. 

nu^h  the  triuged  surface  of  the  roof  and  sides,  whilst; 

6  stuall  auimals  are  retained,  bruised  against  the 
bristtt^l  iiiar^os  of  the  plates,  aud  swalloned. 

Baleen,  or  whalebone,   from   its   tenacity,   flexibil 
rliutii'tty,  ci.>atpa<'tQe»s,  and  li^tness,  ia  applied 
variety  of  useful  putpoees.     These  were  well  exemplil 
'u  the  ci.>lkeiion  exhibited  under  No.  103,  by  Mr.  Hi 
llkiraii,  which  ishoweil  w«U-selo«ted  examples  of  whald 
plutcit  from  the  Arctic  whale  [Bahma  myslieetvs),  wfai 
yields  Ihi'  lann-st  aud  best  tind ;  from  the  Antarctic  w! 
(UaltmH  .iu-itralw),  which  affords  the  second  best  Icii 
Hiul  fmiit  thr  ^rfat  tinner  whale  (So/ieno^fcra^oo/);), 
iiffonis  the  shortest  and  coarsest  plates.     With  these 
auipIcR  of  the  raw  material,  Mr.  Horan  exhibited  specim« 
of  the  raw  materia!  in  various  states  of  preparation, 
nuinemuR  and  ingenious  applications  of  the  prepared  bait 
dyed  of  different  colours,  as,  e.  g.,  for   covering 

*  for   lbs   micrOMOpinl   ehancters,    ud    otbn'  particulars   of  the 
bilNn.iilaIn,  1  muit  refer  to  mj  "  Odontognph}',"  vol.  i.  p.  311, 
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lumdles,  walking-sticks^  and  telescopes,  and  in  the  form 
of  shavings  for  platting,  like  straws,  in  the  construction 
of  light  hats  and  bonnets.  An  excellent  and  instructive 
Miies  of  preparations  of  baleen  was  also  exhibited  by 
Messrs.  Westall,  in  which  was  more  especially  deserving 
notice  the  great  variety  of  filamentary  modifications  of  the 
whalebone  material  for  numerous  useful  applications.  Fine 
blades  of  whalebone  from  the  Balana  mysiicetus  were 
ohibited  in  the  United  States  department,  under  No.  531, 
by  Mr.  L.  Goddard;  and  characteristic  specimens  of 
baleen-plates  from  the  Balana  Australis  had  been  trans- 
nutted  by  Mr.  S.  Moses  from  Van  Diemen's  Land. 

Silk. 

From  a  product  of  the  most  gigantic  of  animals  I  next 
proceed  to  notice  one  derived  from  a  seemingly  insignificant 
^sect ;  yet  it  is  the  most  costly  of  all  raw  materials  for 
textile  purposes, — I  allude  to  silk.  The  most  valuable 
i^d  of  silk,  and  that  which  is  the  subject  of  the  most 
^itensive  and  pains-taking  culture,  is  a  secretion  of  the 
l*J^a  of  a  species  of  moth,  indigenous  to  China,  called, 
I^  excellence,  the  "  silk-moth,"  and  by  entomologists 
Sombtjx  mori,  from  its  native  and  favourite  food,  the  leaves 
of  the  mulberry-tree. 

Kaw  silk  was  imported  into  Europe  long  before  the 
uuect  which  produces  it;  but  the  antiquity  of  this  raw 
initerial  for  the  richest  of  our  textile  fabrics,  by  no  means 
goes  80  far  back  as  that  of  wool. 

There  is  no  certain  reference  to  silk  in  any  part  of  the 
OH  Testament ;  the  Hebrew  word  so  rendered  by  King 
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James's  translators  (Ezekici,  xv'i.  10, 13)  may  signify  "  fine 
flax;"  and  the  learned  BrauniuB  concludes  that  silk 
unknown  to  the  Hebrews,* 

The  first  definite  mention  of  silk,  with  a  notice  of 
creature  producing  it,  is  in  the  fifth  book  of  the  "  Hiatoria 
Aninittlium"  of  Aristotle.  He  indicates  the  island  of  Cos 
as  the  place  where  silk  was  woven  into  cloth ;  and  he 
mentions  (cap.  xis.  p.  830,  Duval)  four  states  of  the  insect 
which  produces  silk,  under  the  terms  iTxwXt||,  xd/iiii, 
l3r./i$u}-ios,  and  ujtiaa^o;  ;  and  these  terms  were  under- 
stood by  ancient  writers  after  Aristotle,  and  no  doubt: 
correctly,  to  signify  the  states  which  modern  entomologistlJ 
would  call  the  "  young  larva,"  the  mature  or  "  Bpinnio] 
larva,"  the  "  pupa"  with  its  cocooDj  and  the  "  imago,"  <*' 
perfect  insect. 

In  the  New  Testament,  the  use  of  silk  is  mentionetl- 
once  unmistakeably  (Revelations,  xviii.  12). 

The  beautiful  illustration  of  the  Christian  doctrine 
the  resurrection,  which  Basil,  in  the  year  of  our  Lord  370,,' 
drew  from  in  sect- metamorphoses,  shows  plainly  that  ba 
bad  obtained  his  facts  by  a  perusal  of  the  famous  zoologi- 
cal treatise  of  Aristotle  : — "What  have  you  to  say,  whoJ 
disbelieve  the  assertion  of  the  Apostle  Paul  conceniiug  tbe- 
change  at  the  resurrection,  when  you  see  many  of  tbe 
inhabitants  of  the  air  chanLjing  their  forms  ?  Consider, 
for  esauiple,  the  account  of  the  homed  worm  of  India, 
which,  having  first  changed   into  a  caterpillar  {eruca  or 

•  De  Veatilu  Heb.  Sacenlatum.  My  linowlnlge  of  the  hutory  of 
silk,  u  of  wool,  ia  ctiiellj  deriTed  from  tbe  "  Teitrinuni  Autiquurum " 
ofMr.Y«t<a. 
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verm),  then  in  process  of  time  becomes  a  cocoon  {bom- 
ij/Sus  or  bombulio),  and  does  not  continue  even  in  this 
form,  but  assumes  light  and  expanding  wings.  Ye  women, 
wbo  sit  winding  upon  bobbins  the  produce  of  these 
animals — namely,  the  threads  which  these  Seres  send  to 
yoa  for  thC'  manufacture  of  fine  garments — bear  in  mind 
tbe  change  of  form  in  this  creature,  derive  from  it  a  clear 
conception  of  the  resurrection,  and  discredit  not  that  trans- 
formation which  Paul  announces  to  us  all.''* 

Galen  judiciously  recommends  silk  threads  for  tying 
blood-vessels  in  surgical  operations.  The  Roman  poets 
wd  satirists  made  frequent  mention  of  the  luxurious  silken 
clothes  and  attire,  which  were  introduced  at  enormous 
expense  during  the  period  of  the  Empire.  The  silk  so 
obtained  was  exported  from  Persia  and  India ;  but  whether 
tbeBomiyj:  mori  had  been  introduced  into  those  countries 
8t  that  period,  or  whether  the  raw  material  was  obtained 
from  China,  is  uncertain. 

That  silk  was  most  abundant  in  China  we  learn  from 
4e  oldest  records  of  the  singular  people  inhabiting  that 
country,  where  from  an  early  period,  not  only  the  man- 
wrins,  but  all  persons  in  easy  circumstances,  as  well  male 
^  female,  have  worn  silk,  satin,  or  damask  clothes.  Even 
the  uniforms  of  the  soldiers  were  made  then,  as  now,  of 
this  elsewhere  considered  so  valuable  material. 

Of  the  wild  original  of  the  Bombyx  mori  there  is  the 
8&me  incertitude   as  with   regard  to  most   domesticated 

♦  **  Teztrinum  Antiquorum/'  p.  215. 
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n— *™»i»-    The  d(>scription  wfair^  is  given  by  M.  Bertin  in 

lus  M-ork  entitled  "  China,  ita  Costutues,  ArtSj  and  Minu- 

Imrturcs,"  seems  to  refer,  as  M.  Latreille  remarks,  to  the 

large  Phalaiia  alias.     The  wild  silkworm  is  there  snid  W 

cune  B  leaf  into  a  kind  of  cup,  and  then  to  form  a  cocoon 

as  large  and  nearly  as  hard  as  a  hen's  egg.     These  wttd 

cocoons  are  so  strong  and  so  compact,  that  the  insecu 

have  great  difficulty  in  extricating  themselves,  and  tlieK- 

forc  remain  enclosed  from  the  end  of  the  summer  to  the 

spring  of  the  following  year.     These  moths  fly  well.    The 

domestic  silk-rooth,  on  the  contrary,  soon  extricates  itsdf, 

and  ha»  very  feeble  powers  of  flight.     The  wild  silk-moth 

feeds  indifferently  on  the  ash,  oak,  ami  nagara;  the  Don- 

jyr  mori,  bs  its  oamc  implies,  feeds  by  choice,  if  not 

«sclusive-ly,  on  the  leaves  of  the  mulberry- tree. 

I  have  now  to  speak  of  the  iutrodiiction  of  the  silk- 
woctn  into  Europe.  According  to  Proeopiiis,  the  BoieV 
mori  was  first  introduced  into  Europe  in  the  reigu  of  tbc 
Kmpcror  Justinian,  by  two  Nestorian  monks  who  W 
Inv^lcd  in  Scriiida, — which,  whether  it  be  India  or  CluBl 
tB  lUKertaia, — and  who  succeeded  in  bringing  a  qiiantiiy  <i 
tH%  miimil  (according  to  Photius)  in  a  hallow  canc,- 
t»  CtMHtuluwple,  where  they  were  hatched,  and  the  lar^1 
IMl  Mid  mr*^  on  the  leaves  of  the  bUck  mulberry.  Th 
;  ttf  silkworms  in  Europe  was  confined  for  si 
I  t(t  the  Gri:*k8  of  the  Lower  Empire.  In  tl 
MwMi  wMlurx-,  the  rearing  of  silkworms  and  tbe  mani 
f  n^  tilk  wwv  inlroduccd  by  Roger,  king  of  SidI 
k  If^ktrMV  wImikt  this  tmportaut  branch  of  induet 
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* 

vas  npidly  and  successfully  established  in  Italy,  Spain^ 
France,  England^  and  subsequently  in  most  of  our  colonies 
possessing  a  suitable  climate. 

Silk  is  a  secretion  of  a  pair  of  long  glandular  tubes, 
oiled  "  sericteria/'  which  terminate  in  a  prominent  pore 
or  spinnaret  on  the  under  lip.  Before  their  termination 
tliejr  receive  the  secretion  of  a  smaller  gland,  which  serves 
to  gloe  together  the  two  fine  filaments  from  the  two 
"serictcria:**  the  apparently  single  thread  being,  in  reality, 
doable,  and  its  quality  being  affected  by  the  equality,  or 
otherwise,  of  the  secreting  power  of  the  *' sericteria." 
The  silkworm  commences  spinning  when  it  is  full  grown, 
in  some  convenient  spot  affording  points  of  attachment 
for  the  first  formed  thread,  which  is  drawn  from  one  part 
to  the  other  until  the  body  of  the  larva  becomes  loosely 
enclosed  by  the  thread.  The  work  is  then  continued  from 
one  thread  to  another,  the  silkworm  moving  its  head  and 
•pinaing  in  a  zig-zag  way,  in  all  directions  within  reach, 
ttd  shifting  the  body  only  to  cover  the  part  which  was  be- 
neath it.  The  silken  case  so  formed  is  called  the  "  cocoon." 
Inuring  the  period  of  spinning  the  cocoon,  which  usually 
t*kes  five  days  for  its  completion,  the  silkworm  decreases 
^  siae  and  length  considerably ;  then  casts  its  skin,  be- 
«>nie8  torpid,  and  assumes  the  form  of  the  chrysalis. 

The  main  object  of  the  silkworm-breeder  is  to  obtain 
wcoons  of  a  large  size,  composed  of  a  long,  strong,  very 
fine,  even,  and  lustrous  thread.  These  properties  of  the  silk 
^erc  found  realized  in  the  highest  degree  in  the  specimens 
traMmittcd  from  France,  in  which  country  the  develope- 
iDcnt  of  the  silkworm  has  for  a  long  period  exercised  the 
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care  and  pains  of  many  able  si  Ik  worm -breeders,  and  of 
late  years  has  been  the  object  of  systematic  advancement 
by  the  Central  Society  of  Sericicolture  of  France- 
Much  skill  is  exercised — I  wish  1  could  add  without 
cruelty^ in  the  art  of  killing  the  pupa  and  extracting 
it  from  the  cocoon,  and  in  preparing  the  latter  for  un- 
winding the  dcbcate  thread ;  heat  being  the  agent  of 
destruction  in  most  of  the  processes,  as  it  seems  to  have 
been  in  the  remotest  historic  times  in  China.  The  method 
there  employed,  according  to  the  old  French  missionaries 
in  China,  is  as  follows : — "  The  cttremities  of  the  cocoon 
are  tirsi  cut  off  with  a  pair  of  scissors ;  they  are  then  put 
in  a  canvass  bag  and  immersed  for  an  boor  or  more  in 
a  Itettle  of  boiling  lye,  which  dissolves  the  gum.  When 
this  is  effected,  tbcv  are  taken  from  the  kettle,  are  pressed 
to  e)!(>ei  the  lye,  and  are  left  till  the  next  morning  to  dry. 
AiVbilst  they  arc  still  moist  the  chrysabs  is  extracted  from 
each  cocoon,  which  is  then  turned  inside  out  to  make  a 
sort  of  cowl.  They  are  then  easily  wound  into  thread.'VH 
An  accomplished  author,  who  has  celebrated  the  GmtuM 
Exhibition  in  a  work  full  of  apt  and  striking  allusions, 
beautilutly  apostrophizes  the  "  wondrous  worm,  self- 
sbroudcd  in  thy  silken  tomb  !  Anon  to  emerae  in  brighter 
form,  on  higher  life  intent;  but  that  stem  man  thy 
mystic  transformation  intercepts,  with  fatal  dres,  cod- 
suoiing  tenant  for  the  sepulchre."* 

The  results  of  all  the  most  approved  modes  of  rearing 
the  silkworm  and  preparing  the  cocoons  were  exhibited. 


'■  Tbe  lily  utd  the  B«e."  b;  Samod  Warrm,  P.R.S.,  p.  92. 
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aod  might  be  studied  with   advantage,  in  the  Crystal 
Palace. 

The  Bambyx  mori^  having  been  bred  and  reared  under 
the  vfescial  care  and  management  of  man  during  a  long 
loeeeasion  of  ages,  may  be  regarded  as  a  domesticated 
ipedes  of  insect ;  and  it  has  become  the  subject,  as  in  the 
liigher  domesticated  races,  of  varieties,  of  which  those 
called  "  Sina,''  "  Syne/'  and  ''  Novi,''  in  France,  are 
examples. 

The  "Sina^^  variety  of  the  silkworm  is  known  and 
esteemed  for  the  pure  whiteness  of  its  silk,  the  thread  of 
which  is  fine,  but  weak,  and  not  very  lustrous.  The 
"Syrie"  variety  is  of  large  size,  produces  a  cocoon  abun- 
^t  in  silk,  but  the  thread  is  rather  coarse,  and  inclines 
to  a  greenish  tint.  The  "  Novi "  race  is  small,  but  the 
cocoons  are  firm  and  well  made,  and  the  silk  has  a 
jdlowish  tint. 

The  specimens  of  cocoons  and  raw  silk  exhibited  in 
^  French  department  were  numerous,  and  the  degrees 
^  excellence  hardly  to  be  discriminated  in  the  finest 
examples  selected  for  the  award  of  the  prize  medal. 
With  regard  to  the  superior  quality  of  these  raw  silks 
>Bd  cocoons,  the  Jury,  by  their  recommendation  of  the 
*tard  of  the  Council  medal  to  the  "Central  Society  of 
Sericiculture  of  France,^^  desired  to  testify  their  admiration 
of  the  specimens  exhibited  by  many  members  of  that 
Society,  and  their  appreciation  of  the  important  influence 
vhid)  it  has  exercised  in  the  improvement  of  this  beautiful 
aod  valuable  product  of  the  animal  kingdom. 

Hie  Jury,  however  justly  gave  the  honour  of  their 
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first  notice  to  the  beautiful  specimens  shown  under  No. 
782,  by  Major  Count  de  Bronno  Bronski,  exhibitor  of 
unbleached  silk  and  silk  cocoons  from  the  Ghflteau  de 
St.  Selves,  near  Bordeaux,  Department  de  la  Gironde. 
The  cocoons  were  remarkable  for  their  large  size  and 
regularity  of  form,  and  the  silk  for  the  unusual  length  of 
the  thread,  its  natural  pure  white  colour,  its  fineness  and 
lustre.  The  circumstances  under  which  this  superior 
quality  of  silk  was  obtained  are  certified  in  a  report  by  a 
Committee  of  the  Agricultural  Society  of  the  Gironde, 
dated  28th  April,  1847,  to  be  as  follows :~"  In  1836 
Major  Bronaki  reared  separately  the  eggs  of  the  three 
varieties,  '  Sina,'  'Syrie,'  and  'Novi.'  In  1837  he  set 
apart  the  cocoons  of  the  varieties  'Syrie'  and  'Novi;' 
and  on  the  exclusion  of  the  imago,  or  perfect  insect,  he 
associated  the  males  of  the  '  Novi '  with  the  females  of 
the  'Syrie;'  and  the  hybrid  ova  were  hatched  at  the 
ordinary  period  in  1838,  the  operations  being  repeated 
in  1839  and  1840.  With  regard  to  the  race  'Sina,' 
M.  Bronski,  in  1837,  separated  the  white  from  the  black 
worms  as  soon  as  they  were  hatched.  He  then  selected 
the  largest  and  best-shaped  cocoons,  and  made  a  special 
collection  of  the  eggs  from  the  moths  excluded  from  those 
cocoons.  This  procedure  was  repeated  in  1838  and  1839 ; 
but  in  1840  he  associated  the  males  excluded  from  the 
large  cocoons  of  the  black  worms  with  the  females  ex- 
cluded from  those  of  the  white  worms.  In  1841  he 
associated  the  males  of  the  '  Sina '  race  with  the  hybrid 
females  obtained  from  the  above- described  crossings  of 
'  Novi '  and  '  Syrie'  breeds."     By  these  and  similar  ex- 


PBOM  THE  AMMAL  KINGDOM.  1]  1 

pcrinienU  M.  Bronski  at  length  appears  to  liave  suc- 
ceeded in  obtaiumg  a  race  of  fiUkworms  not  subject  to 
ilisi-aae,  produciDg  targe  and  equal -sized  eocoonii  of  a 
pure  white  colour,  the  silk  of  which  was  equal  in  all  its 
Jeogth,  strong  and  lustrous,  and  presenting  an  average 
Angth  of  thread  of  ]057  metres. 

m  Vety  beautiful  examples  of  raw  silk  were  also  trans- 
'Bitted  from  different  parts  of  Italy;  and  amongst  the 
Italian  silks  the  first  mention  was  due  to  those  exhibited 
ia  Tuscany,  which  showed  well  all  the  desirable  qualities 
of  the  cocoons  and  thread.  From  these  the  Jury  selected 
for  the  award  of  the  prize  medal  No.  51,  exhibited  by 
Professor  Savi,  of  Piaa,  for  the  specimens  of  raw  silk  from 
miB  fed  upon  leaves  of  the  Fhilippine  mulberry, 
the  department  of  Sardinia  the  Jury  selected  as  de- 
'Serving,  for  their  excellent  qualities,  the  prize  medal,  the 
silks  exhibited  by  Messrs.  H.  Jacquet  aud  Co.,  Messrs. 
CasLBsa  and  Sods,  and  Messrs.  Rignon  aud  Co. 

Many  of  the  sdks  exhibited  in  the  department  of 
Turkey  were  of  a  very  fine  character,  exhibiting  a  good 
IcDgUi  of  thread,  with  the  qualities  of  fineness,  strength, 
elasticity,  and  lustre.  The  Jury  had  great  pleasure  in 
awarding  the  prize  medal  to  the  School  of  Sericiculture 
at  Broussa,  as  well  as  to  some  private  exhibitors  from 
Turkey. 

Very  fine  examples  of  silk  were  sho'A'n  in  the  Indian 
department,  from  which  the  Jury  selected,  as  meriting  the 
prize  medal,  the  following: — D,  Jardine,  of  Calcutta; 
Watson,    of  Surdab,   Bengal;    Mackenzie    Brothers,   of 
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Bengal;  Jennings,  of  Commercolly ;  W.  M'Nair,  of  Sar- 
dah,  Bengal.  Besides  the  silk  from  the  ordinary  silk- 
worm {Bombi/x  mori),  called  in  India  pat,  specimens  of 
stronger  and  coarser  kinds  of  silk  were  shown,  frooi  the 
tvssw-moth  {Saturnia  mj/litfa),  which  feeds  on  the  leaves 
oi  the  termhalia  cntappa  and  zisiiphus  jujubn.  The  cloth 
woven  from  this  silk  is  called  "tussur-cloth,"  and  is  made 
at  Midnapore.  The  moonga-silk  is  from  the  Bnmhyx 
salurnin,  which  feeds  upon  the  same  trees  as  the  tussur. 
A  piece  of  moonga-silk  cloth,  made  in  Assam,  was  es- 
hibited.  The  Phalana  eynlhta  produces  the  eri  silk.  This 
species  feeds  upon  the  ricinus  communis.  The  eri  cloth 
is  also  worcD  at  Assam-.  It  is  observed  in  India,  that 
the  pnt,  or  true  silk,  from  larvae  of  the  Bombyx  mart  fed 
ou  null  berry -trees  grown  in  a  strong  clay  soil,  is  gene- 
rally better,  the  cocoons  being  larger  and  of  better  colour. 

In  the  Chinese  department  the  quality  of  the  silk 
developed  in  the  native  country  of  the  silkworm  was  wor- 
thily illustrated  by  the  specimens  exhibited  by  Yun-kee,  of 
Bhang-hae;  to  whom  the  Jury,  therefore,  adjudged  the 
prize  medal. 

I  must  not  quit  the  subject  of  silk  without,  finally, 
offering  a  tribute  of  praise  to  specimens  of  silk,  from 
silkworms,  reared  on  leaves  of  the  white  mulberry,  at 
Godalmiug,  Surrey,  and  exhibited  by  Mrs.  Catherine  Dodge, 
which,  considering  the  unfavourable  conditions  of  climate, 
showed  qualities  that  deservedly  elicited  the  award  of 
Honourable  Mention  from  our  Jury. 
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^^H  Feathers  ano  Down. 

I  The  most  beautiful,  the  most  comple:i,  and  the  most 

highly -elaborated  of  all  the  coverioga  of  animals,  due  to 
fteTelopeinetits  of  the  epidermal  system,  is  the  plumage  of 
binis.  AVell  might  the  eloquent  Paley  say,— "Every 
futher  is  a  mechaDtcal  wonder;  their  disposition,  all  in- 
clined backirard,  the  down  about  the  stem,  the  overlapping 
of  their  tips,  their  different  configuration  in  different 
parts,  not  to  mention  the  variety  of  their  coloura,  coii- 
tlitute  a  vestment  for  the  body,  so  beautiful,  and  so  ap- 
propriate to  the  life  which  the  animal  has  to  lead,  as  that, 
1  think,  we  should  have  bad  no  conception  of  anything 
equally  pcrfwt,  if  we  had  never  seen  it,  or  can  now 
imagine  anything  more  so." 

^Hf     A  feather  consists  of  the  "quill,"  the  "shaft,"  and 

^Hfce  "  vane :"  the  vaue  consists  of  "  barbs "   and   "  bar- 


The  yutV/  is  pierced  by  a  lower  and  an  upper  orifice,  and 
oontaius  a  series  of  light,  dry,  conical  capsules,  fitted  one 
npOD  another,  and  united  together  by  a  central  pedicle. 

The  ghafi  is  slightly  bent ;  the  concave  side  is  divided 
into  two  surfaces  by  a  middle  lougitudinal  line  continued 
from  the  upper  orifice  of  the  quill,  the  convex  side  is 
smooth.  Both  aides  are  covered  with  a  horny  material, 
similar  to  that  of  the  quJIl;  and  they  inclose  a  peculiar 
KWtlute,  soft,  elastic  substance,  called  the  "  pith." 

The  fiarbs  are  attached  to  the  sides  of  the  shaft,  and 

I  of  plates,  arranged  with  their  flat  sides  towards 

,  and  their  margins  in  the   direction  of  the 
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^MM.  '9^.*  "ipmr  ^  'SmnJ     In  1837  he  f^ 
■pHl  Ar  «■■!»•  tf  A>  VHliH  *S;ne'  and  'Novi;' 
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«t^^  F^'  ">  '^^^  ^  Ofcntiaas  being  repeated, 
a   VSOB  ^  IMOl    Ultb   R^ard  to  the  race  'I 
tbe  white  from  the 
He  then  sel< 
and  made  a  9f 
eoQeetioe  of  tbc  eg^  boot  tbe  antfas  excluded  from 
cocaoQii-    Ilia  procedure  w»s  repeated  in  1838  and  ' 
bat  in  1840  he  associated  the  males  excluded  from 
Uree  eocooni  o(  the  black  vonns  with  the  feinalea 
cloded  from   those  of  the   white  worms.     In   1841   he 
associated  the  malee  of  the  '  Sina '  race  with  the  hybrid 
femalca  obtained  from  the  above-described   crossing 
Novi'  and  '  Syric'  breeds."     By  these  and  similar 
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perifflents  M.  Bronski  at  length  appears  to  have  suc- 
ceeded in  obtaining  a  race  of  silkworms  not  subject  to 
diKaae,  producing  large  and  equal -sized  cocoons  of  a 
pore  white  colour^  the  silk  of  which  was  equal  in  all  its 
lengthy  strong  and  lustrous^  and  presenting  an  average 
length  of  thread  of  1057  metres. 

Very  beautiful  examples  of  raw  silk  were  also  trans- 
mitted from  different  parts  of  Italy;  and  amongst  the 
Italian  silks  the  first  mention  was  due  to  those  exhibited 
in  Tuscany^  which  showed  well  all  the  desirable  qualities 
of  tbe  cocoons  and  thread.  From  these  the  Jury  selected 
t^  tlie  award  of  the  prize  medal  No.  51,  exhibited  by 
Professor  Savi,  of  Pisa,  for  the  specimens  of  raw  silk  from 
ttlkwonns  fed  upon  leaves  of  the  Philippine  mulberry. 
In  the  department  of  Sardinia  the  Jury  selected  as  de- 
>enring,  for  their  excellent  qualities,  the  prize  medal,  the 
^s  exhibited  by  Messrs.  H.  Jacquet  and  Co.,  Messrs. 
Casissa  and  Sons,  and  Messrs.  Rignon  and  Co. 

Many  of  the  silks  exhibited  in  the  department  of 
Turkey  were  of  a  very  fine  character,  exhibiting  a  good 
length  of  thread,  with  the  qualities  of  fineness,  strength, 
eWicity,  and  lustre.  The  Jury  had  great  pleasure  in 
awarding  the  prize  medal  to  the  School  of  Sericiculture 
^  Broussa,  as  well  as  to  some  private  exhibitors  from 
Turkey. 

Very  fine  examples  of  silk  were  shown  in  the  Indian 
^^Mtrtment,  from  which  the  Jury  selected,  as  meriting  the 
pria  medal,  the  following: — D.  Jardine,  of  Calcutta; 
^ataon,    of  Surdah,   Bengal;    Mackenzie    Brothers,   of 


r 


116 


ON  THE  RAW  MATERIALS 


stuffing,  including  English  goose  feathers,  Irish  goose  and 
mixed  feathers,  Dantzig  feathers,  Russian  goose  feathers 
and  mixed  duck  feathers,  Hudson's  Bay  goose  and  duck 
feathers,  Kusaian  down  and  Greenland  eider-down,  were 
exhibited  by  Messrs.  Heal  and  Son.  Messrs.  W.  and  C. 
Nightingale  likewise  exhibited  an  illustrative  collection  of 
feathers  and  down,  showing  the  effects  of  their  mode  of 
purifying  feathers  by  steam,  without  the  use  of  sulphurous 
gaa. 

In  the  Russian  department  good  specimens  of  white 
Bcjetsk  bed-feathers,  grey  feathers,  and  goose-down,  were 
exhiijited  by  J.  Lapshin  (No.  14o),  of  Petersburg.  Ma- 
dame Ladighin,  of  Tamhoff,  transmitted  a  fine  quality  of 
down  from  the  breast  of  the  goose;  together  with  articles 
made  of  goose-down. 

In  the  Indian  department  were  shown  white  and 
black  ostrich  plumes;  but  these  had  been  imported  from 
Aden.  If  the  ostrich  ever  steps  into  Asia,  it  is  only  a 
little  way  into  the  Arabian  side  of  the  Isthmus  of  Suez : 
the  Struthio  camelvji  belongs  to  a  peculiarly  African  genus 
of  the  great  wingless  birds,  Tippets,  vietoriues,  and  boas, 
made  from  the  down  of  tlic  young  adjutant-crane  {Ciconta 
argala)  were  exhibited  from  Commcrcolly ;  and  also  beau- 
tiful white  feathers,  of  a  smaller  species  of  crane,  from 
Arrahan,  With  regard  to  the  application  of  quill -feat  hers 
as  instruments  for  writing,  I  have  nothing  to  say:  the 
specimens  illustrating  that  ajjpHcation  having  been  placed, 
with  other  articles  of  stationery,  under  the  inspection  of 
another  jury. 
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Feathers  and  Down. 

Hie  most  beautiful,  the  most  complex,  and  the  most 
Ughly-elaborated  of  all  the  coverings  of  animals,  due  to 
devekpements  of  the  epidermal  system,  is  the  plumage  of 
biria.  Well  might  the  eloquent  Paley  say, — "Every 
fcitber  is  a  mechanical  wonder;  their  disposition,  all  in- 
deed backward,  the  down  about  the  stem,  the  overlapping 
of  their  tips,  their  different  configuration  in  different 
pirU,  not  to  mention  the  variety  of  their  colours,  con- 
ititDte  a  vestment  for  the  body,  so  beautiful,  and  so  ap- 
propriate to  the  life  which  the  animal  has  to  lead,- as  that, 
I  think,  we  should  have  had  qo  conception  of  anything 
^^y  perfect,  if  we  bad  never  seen  it,  or  can  now 
iBttgiiie  anything  more  so/^ 

A  feather  consists  of  the  "  quill,''  the  "  shaft,''  and 
^  "  vane :"  the  vane  consists  of  "  barbs "  and  "  bar- 
bules." 

The  quiU  is  pierced  by  a  lower  and  an  upper  orifice,  and 
ooatains  a  series  of  light,  dry,  conical  capsules,  fitted  one 
^^n  another,  and  united  together  by  a  central  pedicle. 

The  shaft  is  slightly  bent ;  the  concave  side  is  divided 
into  two  surfaces  by  a  middle  longitudinal  line  continued 
^  the  upper  orifice  of  the  quill,  the  convex  side  is 
CDkooth.  Both  sides  are  covered  with  a  homy  material, 
■imilar  to  that  of  the  quill ;  and  they  inclose  a  peculiar 
vhite,  soft,  elastic  substance,  called  the  "  pith." 

The  barbs  are  attached  to  the  sides  of  the  shaft,  and 
consist  of  plates,  arranged  with  their  flat  sides  towards 
ttch  other,  and  their  margins  in  the   direction  of  the 
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Hie  lower  bnbe  b  nay  kind  of  feather  an  usod 
iooat,  fbnnmg  tbe  down,  which  ts  incraunl,  in  most  bin 
by  what  is  catted  the  "  mcosott  plume."  Tliis  ia  usad 
a  small  downy  tuft,  b«t  wies  in  different  species,  ■ 
even  in  tfae  (eathen  of  different  parts  of  the  body  of  t 
same  bird.  Tbe  ralue  of  feathers,  for  bed-stuffing,  depen 
upon  the  proportion  of  loose  soft  down  that  enters  in 
their  composition ;  and,  as  the  "  accessor)'  plume  "  in  t 
body-feathers  of  the  snans,  geese,  and  ducks,  is  almost 
long  as  the  feather  from  which  it  springs,  hence  arises  t 
commercial  value  of  the  feathers  of  these  aquatic  birds. 

'n  the  developement  of  plumage,  the  first  covering 
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tie  bird  is  a  temporary  one^  consisting  of  bundles  of  long, 
loody-barbed  filaments^  which  diverge  from  a  small  quill, 
•odon  their  first  appearance  are  enveloped  in  a  thin  sheath, 
which  soon  crumbles  away  after  being  exposed  to  the 
itmosphere.*  These  down-feathers  are  succeeded  by  the 
true  feathers ;  to  which  they  bear  the  same  relation  as 
wool  does  to  hair,  or  the  temporary  to  the  permanent 
teeth.  In  most  birds  a  certain  proportion  of  the  down- 
feathers  is  retained  with  the  true  feathers,  and  this  pro- 
portion is  usually  greatest  in  the  aquatic  birds.  It  is 
most  remarkable  in  the  eider-duck  (Anas  mollissima); 
which  may  be  compared  with  the  sheep  in  regard  to  the 
quantity  and  quality  of  the  softer  and  warmer  kind  of  the 
epidermal  covering.  The  down  of  the  eider  combines 
with  its  peculiar  softness,  fineness,  and  Ughtness,  so  great 
»  degree  of  elasticity,  that  the  quantity  of  this  beautiful 
material  which  might  be  compressed  and  concealed  be- 
tween the  two  hands  of  a  man  will  serve  to  stuff  the  cover- 
let of  a  bed. 

All  the  varieties  and  modifications  of  the  plumage  of 
birds,  serviceable  in  manufactures,  or  valued  as  orna- 
ments, might  be  compared  and  studied  with  advantage  in 
the  Great  Exhibition. 

An  instructive  and  comprehensive  collection  of  fea- 
thcn  and  down,  in  different  states  of  preparation  for  bed- 

*  A  good  acoonnt  of  the  mode  of  formation  of  feathers  is  given  in  a 
P«P»by  M.  P.  CuTier,  entitled  •*  Sur  le  d^veloppcment  des  Plumes,"  in 
4e  "  Memoires  da  Miu^m/'  tom.  x.  10;  or  the  article  "  Aves,"  in  the 
"  Cjdopedia  of  Anatomy/'  may  be  consulted. 
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is  merely  displaced  and  shed  piecemeal  by  the  formatioKfl 
of  new  horn-fibres  beneath  it,  like  other  layers  of  epi- 
dermal substance.  The  more  compact  horny  matter 
developed  at  the  period  of  maturity,  and  the  use  to 
which  the  horns  are  then  more  habitually  and  forcibly 
put,  gives  their  points  a  sharpness  and  compactness  very 
different  from  the  first  tbrmed  substance.  In  the  young 
oryx  it  is  bent  backwards  before  it  is  cast  off,  but  the 
bony  core  does  not  partake  of  this  form. 

The  horns  of  deer,  which  consist  wholly  of  bone,  are 
properly  called  "antlers."  They  are  covered  by  peat^H 
osteum,  and  this  by  a  soft  vascular  tegument  tecbnicEtlljR^I 
termed  the  "  velvet,"  during  the  progress  of  their  growth. 
This  once  completed,  the  vessels  shrink,  the  supply  of 
blood  is  stopped,  the  integument  of  the  antler  dries  and 
becomes  detached,  leaving  the  dense  bony  pait  as  an 
insensible  weapon.  Ah  this  part  loses  its  vitality,  the 
absorbents  proceed  to  sap  its  base,  and  at  a  certain  scasoo 
of  the  year  the  antlers  are  shed,  after  which  the  growl 
of  another  pair  soon  begins. 

Thus  the  antlers  of  the  deer  tribe  are  shed  and  re- 
newed annually,  like  the  liair ;  and  the  antlers  increase  in 
size  and  iu  the  number  of  the  branches,  until  the  animal 
has  attained  its  full  maturity  and  strength.  The  red 
deer,  at  this  period,  will  develope,  in  the  course  of  about 
ten  weeks,  a  pair  of  antlers  weighing  about  twenty-four 
pounds.  But  the  great  extinct  Irish  deer  {Megaceros 
Hibemicus)  must  have  thrown  out  of  its  circulating 
system  in  the  course  of  a  few  months  between  aeveutr^ 
and  eighty  pounds  weight  of  osseous  subatauce. 
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H0BN8  AND  Antlers. 

I  neit  proceed  to  notice  a  class  of  raw  materials  from 
tke  animal  kingdom  extensively  and  variously  exemplified 
in  the  Chreat  Exhibition^  most  commonly  used  in  the  ma- 
mfacture  of  implements^  and  known  by  the  general  name 
rf"  horns/'  In  common  parlance  any  hard  body  pro- 
jecting from  the  head,  terminating  in  a  free,  unopposed 
point,  and  serviceable  as  a  weapon,  is  called  a  ^^  horn :" 
nteh  as  the  canine  tusks  which  curve  upwards  and  back- 
virds  through  the  skin  of  the  head  of  the  babyroussa,  the 
larger  incisive  tusks  of  the  elephant,  and  the  long,  straight, 
•pinJly-twisted  tusk  of  the  narwhal,  which  figures  as  the 
korn  of  the  heraldic  unicorn. 

Even  the  weapons  to  which  the  term  ^^  horn"  is  pro- 
perly or  technically  applied  consist  of  very  different  sub- 
stances, and  belong  to  two  organic  systems  as  distinct 
A^  each  other,  as  both  are  from  the  teeth.  Thus  the 
korns  of  deer  consist  of  bone,  and  are  processes  of  the 
frontal  bone ;  those  of  the  giraffe  are  independent  bones, 
or "  epiphyses,^'  covered  by  hairy  skin ;  those  of  oxen, 
Acep,  and  antelopes,  are  "  apophyses''  of  the  frontal 
We,  covered  by  the  corium,  and  by  a  sheath  of  true 
horny  material ;  those  of  the  Dicranoceros  (or  prong- 
korned  antelope)  consist,  at  their  base,  of  bony  processes 
wvcred  by  hairy  skin,  and  are  covered  by  horny  sheaths 
W  the  rest  of  their  extent ;  they  thus  combine  the  cha- 
wcters  of  those  of  the  giraffe  and  ordinary  antelope,  to- 
pther  with  the  expanded  and  branched  form  of  the  antlers 
rfdeer.    Only  the  horns  of  the  rhinoceros  are  compose^ 
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tions  of  the  Jury,  therefore,  in  jndging  between  degrees 
of  excellence  as  the  consequence  of  human  ingenuity  and 
skill,  found  no  exercise  in  regard  to  the  present  class  of 
raw  materials. 

IVOBV. 

The  same  considerations  necessarily  limited  the  func- 
tions of  our  Jury  in  regard  to  the  tuaka  of  animals  pre- 
senting the  modification  of  dental  substance  to  which  the 
term  "ivory"  is  applied.  Fine  ivory,  distinguished  by 
the  decussating  curved  lines  on  the  surfaces  of  transverse 
fractures  or  sections  of  the  tusk,  is  peculiar  to  the  African 
and  Asiatic  elephants,  amongst  existing  quadrupeds,  and 
the  best  is  obtained  from  the  wild  individuals ;  domesti- 
cation of  the  elephant,  in  India  at  least,  having  been  at- 
tended usually  by  deterioration  of  the  length  and  quality 
of  the  tusks. 

The  finest  specimens  of  elephant's  tusks  sent  to  the 
Great  Exhibition  were  a  pair  weighing  325  pounds,  from 
the  Etepkas  Afrkamis,  obtained  from  an  animal  killed  neiir 
the  newly  discovered  Lake  Ngami,  in  South  Africa ;  each 
tusk  measured  eight  feet  six  inches  in  length,  and  twenty- 
two  inches  in  basal  circumference.  A  single  tusk, 
weighing  110  pounds,  from  the  same  locahty,  was  asso- 
ciated with  them.  These  specimens  were  exhibited  by 
Mr.  Joseph  Cawood. 

Messrs.  Pauatleroy  and  Sons  exhibited  an  instructive 
collection  of  elephants'  tusks  in  No.  135.  The  largest  of 
these  was  also  from  the  African  elephant,  and  weighed 
139  pounds.     Varieties  of  tusks  were  exhibited  from  the 
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bone-process,  or  "core/'  and  secretes  the  true  horn,  or 
'^sbeath/^  Horns  of  this  type  are  never  shed,  and  the 
Bumaniia  that  possess  them  are  termed  '^  cavicomia/' 
or  "  hollow-homed/' 

Such  horns  are  usually  simple  and  conical,  though 
they  may  be  straight,  curved,  bent,  hooked,  or  spirally 
twisted;  only  one  existing  species  (Antilope  (dicranoceros) 
fi/r^fer)  has  them  flattened,  expanded,  and  bifurcate,  like 
the  great  posterior  horns  of  the  extinct  Sivatherium. 
Such  compound  horns  are  developed  in  both  sexes  in  the 
Bmda,  the  OvidiB,  in  all  goats,  and  many  antelopes,  as, 
tg.  the  caama  {Imbalis),  the  goral  {kernes),  the  mar  {capri- 
comis),  the  chamois  {rvpicapra),  the  gazelle,  and  the  oryx ; 
but  they  are  mostly  larger  in  the  males ;  they  are  not 
developed  in  the  females  of  the  Saiga  and  other  species 
of  Antilope  proper,  in  the  prong-homed  antelope,  the 
chiara  (tetraceros),  the  madoqua  (Ant,  montana),  the 
duyker-bok  (sylvicapra),  the  bosch-bok  (tragelaphus),  and 
the  strepsiceros  {calliope). 

Sometimes  the  horns  are  smooth  and  polished,  some- 
times longitudinally  grooved ;  more  commonly  they  are 
transversely  ridged  or  "  annulate/'  It  is  commonly 
beliered  that  the  horns  of  the  ox  acquire  an  additional 
ring  every  year  after  the  third ;  but  the  addition  of  annuli 
i«  far  from  being  annual  in  other  species  :  many  rings 
we  gained  in  one  year's  growth  of  the  ram's  horns,  and 
in  those  of  the  ring-homed  antelope  {Ant,  cervicapra). 
The  first  formed  homy  sheath  of  the  Cavicomia  is  com- 
Hionly  obtuse,  thicker,  and  of  a  coarser  texture,  than  that 
which  is  formed  later ;  but  it  is  equally  extravascular,  and 
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firom  the  margin  of  the  carapace,  which  are  csUed  the 
"feet"  or  "noaes,"  in  commerce.  The  other  pUtea  col- 
lectively are  called  the  "  head"  of  the  turtle.  V 

Frarl,  Nacre,  Shell. 

A  still  more  beautiful  and  precious  animal  product  is 
that  which,  in  all  ages,  has  been  classed  as  aii  ornacicDt 
amongst  the  jewels  or  precious  stones, — I  allude  to  Pearls, 

These  valuable  substances  are  the  result  of  an  excre- 
tion iu  superimposed  concentric  laminx  of  a  peculiarly 
fine  and  dense  nacreous  substance,  which  consists  of 
membrane  and  carbonate  of  liuie.  The  finest  quality  of 
pearl  is  produced  by  the  bivalve  of  the  Indian  Seas, 
called,  par  excellence,  the  "  pearl  oyster"  {Meleagrina 
margaritifera),  fine  specimens  of  nhieh  were  eshibited  in 
the  Indian  and  Ceylon  collections.  The  finest  pearls  are 
found  at  Ceylon, 

Pearls  of  an  inferior  description,  formed  in  a  fresh- 
water bivalve  (O'nio  margaritifera),  were  exhibited  under 
No.  15,  Class  I.  by  Mr.  John  Neljs,  of  Omagh,  county 
Tyrone,  from  specimens  obtained  from  the  deepest  parts 
of  the  river  Strule,  near  Omagh.  Similar  pearls,  also 
found  in  the  Unio  moTgaritifera,  from  the  river  Ythan, 
Aberdeenshire,  were  shown  under  No.  16,  Class  I.,  by 
Messrs.  Corvie  and  Rae,  of  Ellon,  Scotland.  It  is  pro- 
bable that  the  pearls  from  this  source,  collected  by  the 
ancient  Britons,  may  have  given  rise  to  the  statement  by 
Tacitus,  in  his  "Life  of  Agricola,"  of  pearls  "not  very 
orient,  but  pale  and  wan,"  being  among  the  indigenons 
s  of  Great  Britain.     Pearls,  similar  to  those  from 
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toast,  the  Gaboon  River,  Zanzibar,  the  Cape  of 
Good  Hope,  Angola,  Alexandria^  Ceylon,  and  the  East 
Indies.  Of  the  tusks  which  possess  a  dense  texture,  but 
kwe  not  the  engine-turn  markings  of  true  ivory,  Messrs. 
hootleroy  exhibit  those  of  the  narwhal,  the  walrus,  and 
tk  hippopotamus ;  and  the  Jury  regarded  this  instructive 
collection  as  deserving  Honourable  Mention. 

Kne  tusks  of  the  Ceylon  variety  of  elephant  were 
iown  in  the  collection  from  that  island;  and  several 
otmples  of  the  continental  Asiatic  kinds  were  exhibited 
in  the  Indian  departments;  amongst  the  tusks  of  the 
Siamese  elephants  was  one  which  weighed  100  pounds, 
ttd  showed  a  fine  white  compact  kind  of  ivory. 

Tortoise-shell. 

Of  the  modifications  of  epidermal  productions,  com- 
nonly  called  tortoise-shell,  almost  every  variety  might  be 
rtodied  in  the  wonderful  collection  of  the  works  of 
nature  and  of  art  which  has  made  the  present  year  ever 
OKmorable. 

Hie  substance  called  tortoise-shell  consists  of  certain 
htft  horn-like  epidermoid  plates,  which  cover  in  an  im- 
kiented  or  overlapping  manner  the  carapace,  or  back  shell 
of  the  marine  tortoises  or  turtles  (Chelone).  The  species 
vhieh  afford  the  most  valuable  of  these  plates  are  the 
Iiret  tortoises  or  imbricated  turtles  {Chelone  imbricata, 
Ckdme  Carettd),  from  which  are  obtained  five  large  plates 
fam  the  middle  of  the  carapace^  and  four  large  ones  from 
mk  side;  these  plates^  thirteen  in  number,  are  technically 
oded  "liMdeM;"  twenty-five  smaller  plates  are  obtained 
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the  Unio  margaritifera,  were  exhibited  under   No.   41, 
Sfrcden  and  Norway,  by  Mr.  Torstrup,  from  Christiana. 
The  smaller  kind  of  pearl,  called  "seed-pearV^  is 
obtained  at  Kurrachee,  on  the  Bombay  coast.     They  are 
of  little  value,  except  to  those  who  esteem  them  as  medi- 
cine, viz.,  the  Persians  and  some  of  the  Hakeems  of  India. 
He  oysters  producing  "seed-pearls"  are  washed  up  by 
the  surf-waves  to  high-water  mark,  and  are  left  there  as 
the  tide  falls.     They  are  gathered  by  Coolies,  employed 
fcr  the  occasion,  put  into  boats,  and  landed  at  Keeamaree 
Point.    There  the  shells  are  broken,  and  the  pearls  ex- 
tncted,  under  the   superintendence   of  the  contractors, 
who  DOW  pay  the  Julpore  Government  40,000  rupees  per 
annum  for  the  pearl -contract.      Even  the  gleaners  who 
come  after  them  pay  for  the  right  of  sifting  the  broken 
sheik  in  search  of  any  pearls  that  may  remain. 

Mother-of-Pearl,  or  Nacre. 

Iq  the  Indian  collection  were  shown  most  of  the  shells 
which  yield  the  manufacturer  the  finest  kind  of  nacre  : 
these  are  the  Meleagrina  margaritifera,  Haliotis  gigas, 
Baliotis  iris,  and  a  large  species  of  Turbo,  which  shells 
are  known  in  commerce  as  flat-shells,  ear-shells,  green 
tnail-shells,  bufialo-shells,  Bombay  sheila.  The  mother-of- 
pearl  is  the  internal  or  nacreous  layer  of  such  shells. 
Dr.  Carpenter  has  detected  indications  of  a  minute  cellular 
itructure  in  the  nacreous  laminae  of  the  Haliotis,  which  he 
has  not  observed  in  the  nacre  of  bivalves.  Fine  specimens 
of  acme  of  these  shells  from  Sincapore  and  Manilla,  espe- 
«%  the  great  Meleagrina  and  Haliotis,  were  exhibited  by 
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1  in  the  economical  ei- 
B  of  pue  gelatines  and  glues  from 
I  of  the  skins,  bones,  tendons,  Hga- 
^  md  «tWr  gi.kliuum  tismies  of  aaimsls,  has  been 
^wbeic  the  wdH-ot^nized  and  admirably 
I  for  the  slaughter  of  cattle,  sheep, 
tl  Iwnes  ■■  kt^  bivm,  ^n  great  and  valuable  facilities 
r  dM  BBBBBmiral  af^bcations  of  all  the  waste  parts  of 
liml  hniHm      I-'—b  the  beautiful  productions  of  this 
imhatfy,  tW  sp«imm»  exhibited  by  its  chief  originator, 
U.L.  F.  GretKt,  under  No.  347,  merited  peculiar  appro- 
bation.    ThcT  iorluded  difii-rent  kinds  of  gelatine  in  thin 
layers,  adapted  for  the  dressing  of  stuffs,  and  for  gelatin- 
OHS  baths,  in  the  clarification  of  wines  which  contain  a 
■ufficicDt  quantity  of  tannin  to  precipitate  the  gelatine; 
pure  and  while  gelatines  cut  into  threads  for  the  use  of 
the  confectioner;  very  thin  white  and  transparent  sheets 
railed  "papier  glac^,"  or  iec-paper,  for  copying  drawings; 
and,  finally,  a  quantity  of  objects  of  luxury  or  ornaments 
fVirnied  of  dyed,  silvered,  or  gilt  gelatines,  adapted  to  a 
varii-tv  of  purposes,  and  to  the  fabrication  of  artificial  or 
fancy  flowers.     M.Grenct,  who  was  the  first  to  fabricate 
on  a  Inrgc  scale,  out  of  various  residues  of  animal  bodies 
of  littl<'  value,  these  beautiful  and  diversified   products, 
^nauy  of  which  previously  had  been  derived  from  the  more 
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coitly  substance — isinglass^  was  deemed  by  the  Jury  to 
merit  the  award  of  the  Council  medal. 

Many  manufacturers  in  France  have  risen  to  great 
enuoeDce  in  this  line  by  following  the  processes  of 
M.  Grenet.  H.  Castelle,  of  Paris,  exhibited  (No.  107)  a 
itO]  more  varied  assortment  of  the  modifications  of  gela- 
tine, amongst  which  are  particularly  deserving  of  notice 
tlie  very  large  sheets  of  transparent  gelatine,  colourless, 
wbite,  of  various  well-defined  colours,  and  embossed  or 
stamped  with  elegant  patterns. 

Isinglass. 

This  raw  material  owes  the  greater  part  of  its  com- 
mereial  value  to  its  special  organization,  which  permits  its 
reparation  into  extremely  delicate  fibres,  capable  of  operat- 
ing mechanically  in  the  clarification  of  white  wines  and 
malt  liquors.  In  order  to  obtain  the  best  isinglass,  care 
must  be  taken  to  choose  the  most  suitable  membranes  of 
tkc  proper  species  of  fish,  and  to  avoid  altering  their 
peciJiar  tissue  in  the  process  of  drying  and  preparing 
them. 

Under  these  two  relations  the  raw  products  exhi- 
Inted  in  the  department  of  Russia  held  the  first  rank. 
MM.  Marimanoff  and  Armakoona  (No.  81)  displayed 
tpetimens  of  the  best  quality  of  isinglass,  consisting  of  the 
tiasoes  of  the  air-bladders  of  the  species  of  sturgeon  called 
Ae^tenser  huso,  well  cleaned,  and  removed  and  dried  with- 
«ttt  the  texture  being  affected.  No.  116,  transmitted  by 
•a  anonymous  Russian  exhibitor,  presented  a  variety  of 
^lOi^aas  obtained  from  the  intestinal  membranes  of  the 
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KvtnrgeoD,  in  the  form  of  elongated  stripes,  made  into 
bandies.  This  substance,  like  the  gelattnea  from  the 
tendons,  bones,  and  hides  of  cattle,  serves  well  for  different 
culinary  purposes,  and  for  the  same  uses  in  manHfacture& 
as  fine  gelatine  from  other  sources. 

Ueasrs.  Sim;>son,  Humptireys,  and  Vickcrs,  exhibiled 
a  rich  variety  of  specimens  of  isinglass  in  the  different  raw 
states  iu  which  it  is  imported,  and  in  all  the  states  of  its 
preparation  for  the  apphcations  for  which  it  is  sold. 

The  greater  part  of  the  gelatinous  products  exhibited 
by  the  English  manufacturers  were  prepared  from  isinglass, 
ind  chiefly  applied  to  articles  of  food.  The  eommereial 
qualities  of  isinglass  are  instructively  shown  in  the  collec- 
tion exhibited  under  Nos.  117, 118,  and  141.  Some  ei- 
hibitors,  however,  showed  excellent:  glues  and  geUtines 
obtained  from  various  residues  of  animal  bodiem,  and  des- 
tined for  manufacturing  purposes.  M.  Muller  (No.  125a) 
traDsmittcd  a  tine  asKortment  of  glues  and  gelatines,  ana- 
logous to  the  products  of  M.  Grenct.  M.  Dufaville  (122) 
exhibited  a  beautiful  sample  of  amber-coloured,  transparent 
gelatine,  in  shreds,  culled  "  cijstulliue,"  from  its  glitte 
surface,  and  alto  good  filaments  of  isinglass  for  c 
purposes. 

Auiongat  the  speciaicns  from  India  there  were  d 
kinds  of  isinglass  in  the  raw  state  from  sjiecies  of  fishes 
distinct  from  those  of  Europe  which  commonly  iifford  this 
substance.  The  principal  of  these  were  from  a  siluroid 
fish,  the  Poltjnemus  plebeius,  the  dried  air-bladders  of 
which  possess  the  fine  fibrous  tunic  which  imparts  the 
clarifying  qualities  that  render  isinglass  so  valuable  i] 
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[      muofiictare  of  white  wines  and  beers ;  and  they  also  are 
r      weD  adapted  for  the  fabrication  of  line  gelatines  used  in 
manQfiietares  and  confectionary. 


Such,  Sir,  are  some  of  the  numerous  and  diversified 
bds  of  products  from  the  Animal  Kingdom  which  I  have 
ideeted  for  the  remarks  I  have  had  the  honour  to  submit 
toyoQ  this  evening.  To  have  attempted^  in  the  briefest 
vaj^to  treat  of  all  of  that  class  which  were  transmitted  to 
tbe  Great  Exhibition,  would  have  led  me  far  beyond  the 
booods  of  a  single  discourse. 

Whatever  the  animal  kingdom  can  afford  for  our  food 
orelothing,  for  our  tools,  weapons,  or  ornaments — what- 
wer  the  lower  creation  can  contribute  to  our  wants,  our 
comforts,  our  passions,  or  our  pride,  that  we  sternly  exact 
and  take  at  all  cost  to  the  producers.  No  creature  is  too 
kulkjr  or  formidable  for  man^s  destructive  energies — none 
too  minute  and  insignificant  for  his  keen  detection  and 
dull  of  capture.  It  was  ordained  from  the  beginning  that 
ve  ahould  be  the  masters  and  subduers  of  all  inferior 
ttimals.  Let  us  remember,  however,  that  we  ourselves, 
l&e  the  creatures  we  slay,  subjugate,  and  modify,  are  the 
ftiults  of  the  same  Almighty  creative  will — temporary 
Mjoomers  here,  aud  co-tenants  with  the  worm  and  the 
whale  of  one  small  planet.  In  the  exercise,  therefore,  of 
4oac  superior  powers  that  have  been  intrusted  to  us,  let 
**  ever  bear  in  mind  that  our  responsibilities  are  height- 
ened in  proportion. 
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THE  CHEMICAL  AND  PHARMACEUTICAL 
PROCESSES  AND  PRODUCTS. 


The  subject  which  engages  our  attention  this  evening  is 
"Je  probable  influence  of  the  Great  Exhibition  on  the 
^nd  class  of  objects,  namely,  *'  Chemical  and  Pharma- 
ceutical Processes  and  Products."  If  these  terms  were 
^0  be  taken  in  their  extended  sense,  we  might  include 
'^ore  than  half  the  classes  into  which  the  contents  of  the 
^rijibition  have  been  divided,  as  many  of  these  —  and 
^ong  them  some  of  the  most  important  and  interesting 
•^are  indebted  to  the  science  of  chemistry  for  the  high 
position  they  occupy  among  the  industrial  arts.  But  the 
Clinches  of  industry  to  which  I  refer,  having  separate 
Masses  assigned  to  them,  are  foreign  to  our  present  subject, 
except  in  relation  to  the  chemical  processes  connected  with 
them. 

We  are  restricted  this  evening  chiefly  to  those  objects 
vUcb  are  usually  designated  as  drugs  and  chemicals; 
vUcb,  however  important  they  may  be  as  a  link  in  the 
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"Titiaui,  are  not  particularly  calculated  to  attract  or  interest 
the  public  generally.  So  much  was  this  felt  to  be  the 
ease  al  the  time  that  the  scheme  of  the  Great  Eshibition 
was  first  proposed,  that  it  was  a  disputed  question  whether 
such  articles  were  suitable  for  admission  into  the  build- 
ing. It  had,  however,  been  determined  by  His  Royal 
Higbocss  Prince  Albert  and  the  Royal  Commissioners 
that  the  Great  Exhibition  should  contain  illustrationa  in 
every  branch  of  commercial  industry ;  it  was  designed 
not  merely  to  please  the  eye  and  attract  the  superficial 
observer,  but  to  collect  in  one  building  specimens  of  every 
kind  of  product  and  manufacture  from  all  parts  of  the 
world.  This  comprehensiveness  in  the  undertaking  was 
its  most  remarkable  feature;  and  in  proportion  as  the 
practical  bearing  of  the  Exhibition  on  each  class  became 
more  generally  understood,  the  early  misgivings  and  pre- 
judices were  removed,  and  the  disposition  to  co-operate 
increased. 

There  was  still  a  question  on  which  some  difference  of 
opinion  prevailed,  namely,  whether  the  Exhibition  should 
be  confined  to  such  objects  as  possessed  the  merit  of 
originality,  or  unusual  Oicellenee  or  peculiarity  in  the 
manufacture,  or  whether  it  should  comprise  ordinary 
specimens  of  products  and  preparations?  Among  those 
who  fully  recognised  the  propriety  of  exhibiting  rare 
chemicals,  there  were  some  who  ridiculed  the  idea  of 
transferring  to  the  Exhibition  the  stock  of  a  druggist  or 
apothecary,  with  which  every  one  in  the  profession  is 
familiar,  and  which  to  those  out  of  the  profession  would 
possess  no  attraction.     This  objection,  however,  was  over- 


PmOCE88E8  AND  PBODUCTS.  137 

nded.  It  was  considered  that  the  Exhibition  was  ad- 
dressed to  the  whole  worlds  that  objects  in  daily  use  in 
one  country  might  be  unknown  in  other  countries,  and 
that  the  building  ought  to  contain  a  series  as  complete 
18  possible  of  the  products  and  preparations  employed  in 
edi  locality. 

If  all  the  objects  exhibited  had  been  unusually  fine, 
tnd  many  of  them  such  as  are  rarely  met  with,  they  would 
not  have  conveyed  a  correct  idea  of  the  actual  state  of 
commerce  in  the  several  classes,  for  which  purpose  it  was 
necessary  to  include  such  a  variety  as  to  form  a  fair 
ivenige.  The  principle,  therefore,  which  was  acted  upon 
in  reference  to  chemical  and  pharmaceutical  productions 
VIS  this :  in  addition  to  the  specimens  sent  by  individuals 
in  competition  with  each  other,  specimens,  consisting 
diiefly  of  raw  materials  and  indigenous  or  imported  pro- 
ducts of  the  materia  medica,  were  contributed  by  a  number 
of  druggists  in  their  collective  capacity,  to  illustrate  the 
itate  of  the  drug-market  in  England,  and  for  comparison 
^  other  specimens  from  foreign  markets.  From  this 
arrangement  it  will  be  seen  that  two  distinct  objects  were 
contemplated  in  this  part  of  the  Exhibition ;  first,  the 
encouragement  of  improvements,  by  the  stimulus  of  com- 
petition among  individuals;  and,  secondly,  the  diffusion 
>nd  extension  of  knowledge  respecting  the  nature,  the 
history,  and  in  some  cases  the  origin,  of  the  various 
Ottterials  employed  for  chemical  and  pharmaceutical  pur- 
poses. 

The  first  of  these  influences  is  applicable  to  exhibitors 
in  in  dassea.     It  is  the  principal  and  primary  object  of 
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exhibitiona  of  this  description  to  excite  emulation  smong 
individiiala,  and  thus  to  bring  out  improvemeats  and  dis- 
coveries for  the  benefit  of  the  public  at  large.  In  order 
to  appreciate  the  impulse  thus  given  to  industry,  it  ia 
only  necessary  to  refer  to  the  enormous  outlay  at  which 
many  of  the  objects  were  produced,  and  the  spirited 
manner  in  which  the  undertaking  was  carried  out.  It  was 
obvious  that  those  who  enjoyed  a  high  position  in  their 
several  occupations  were  determined,  if  they  exhibited  at 
all,  to  maintain  that  position,  and  that  others  were  equallv 
determined,  if  possible,  to  eclipse  those  who  had  previously 
been  in  advance  of  them  in  public  estimation.  It  was  an 
honourable  trial  of  skill,  in  which  individual  exertions  were 
made  subservient  to  collective  advantage.  Although  it 
was  at  first  supposed  that  chemistry  and  pharmacy 
afforded  very  little  scope  for  a  public  competition  of  this 
kind,  the  result  has  shown  that  this  was  an  erroneous 
impression.  Tlie  large  chemical  manufacturers  made  the 
most  magnificent  display.  Their  enormous  masses  of 
crystals  of  tartaric  and  citric  acid,  the  pnissiatea  and 
chromatea  of  potash,  alum,  sulphates  of  copper  and  iron, 
&c.,  atood  forth  as  beacons  to  attract  the  eye  to  the  spot 
where  other  chemicals  less  conspicuous,  though  no  leas 
important,  were  exhibited.  Many  of  the  large  groups  of 
crystals  were  remarkable  for  their  fantastic  and  elegant 
forms,  and  gave  evidence  of  a  determination  on  the  part 
of  the  manufacturers  to  prove  that  the  ornamental  as  well 
as  the  useful  cornea  within  their  province.  Round  these 
groups  of  crystals  ladies  frequently  assembled,  and  specu- 
lated upon  the  introduction  of  some  of  the  specimens  as 
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drewing-room  ornaments.  If  the  tide  of  fashion  should 
set  in  in  that  direction^  an  additional  impetus  will  be  given 
to  industry  among  the  manufacturing  chemists. 

Taming  from  these  gigantic  and  prominent  specimens, 
which  serve  to  show  the  scale  on  which  some  of  our 
elemical  works  are  conducted,  we  have  here  some  single 
crystals  exhibited  by  Mr.  Copney,  which  are  interesting 
on  account  of  the  mathematical  accuracy  with  which  the 
nonnal  form  of  the  crystal  is  preserved.  In  the  groups 
ifktt  mentioned  the  individual  crystals  so  intersect  and 
crowd  upon  one  another  that  no  individual  crystal  is  per- 
fect. To  attain  this  latter  object,  a  hot  solution  of  the  salt 
i<  prepared  and  set  aside  to  cool :  a  hair  or  thread  is  sus- 
pended in  the  solution  to  favour  the  deposition  of  single 
crystals.  A  perfect  crystal  having  been  selected  and 
detached  from  any  others  which  may  be  adhering  to  it,  is 
r^laced  in  the  mother  liquor,  to  which  from  time  to 
^e  a  small  portion  of  a  concentrated  solution  of  the  salt 
^  added  to  feed  the  growing  crystal.  If  the  solution  be 
too  strong  groups  of  small  crystals  are  formed,  which 
onst  be  removed.  The  crystal  must  be  turned  every  day, 
10  u  to  expose  each  phase  of  it  in  rotation  to  the  same 
lofloence.  This  process  of  turning  and  feeding  is  con- 
^oed  regularly  several  months,  or  until  the  crystal  has 
ittsined  the  size  required.  (Chrome,  alum,  sulphate  of 
copper,  sulphate  of  magnesia,  &c.  were  on  the  table.)  I 
Otty  also  advert  to  a  series  of  valerianates  exhibited  by  Mr. 
Bimea.  These  compoimds  of  valerianic  acid  are  interest- 
ing* Some  of  them  are  employed  medicinally,  others  have 
^  yet  been  introduced.     In  both  these  instances,  and  in 
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many  others,  the  Exhibition  has  ierved  as  a  stimulas  to 
young  men  in  their  application  to  practical  chemistry. 
The  double  salts  of  iron  and  some  of  the  preparations  ex- 
hibited by  Messrs,  Hemingway  are  very  well  prepared,  and 

indicate  the  progress  of  pbarniaceutical  chemistry.  I  might 
give  numerous  examples  of  improved  processes  in  phar- 
macy, hut  this  would  possess  no  general  interest,  and 
would  be  foreign  to  my  jiresent  purpose,  which  is  to  refer 
to  certain  principles,  and  bring  forward  a  few  familiar 
examples  by  way  of  illustration.  For  the  same  reason  I 
shall  not  attempt  to  give  anything  like  a  complete  account 
of  the  choice  chemical  specimens  and  other  interesting 
objects  which  the  Exhibition  contained  :  but  I  ought  not 
to  omit  mentioning  in  general  terms  the  very  beautifal 
preparations  of  mercury,  lead,  zinc,  tin,  antimony,  silver, 
potash,  soda,  and  iodine ;  also  the  salts  of  morphia, 
strychnia,  aconitina,  vegetable  extracts  and  juices,  among 
the  numerous  chemical  and  pharmaceutical  products  ex- 
hibited  by  chemists  whose  names  are  well  known  as  mans*  m 
facturers  of  those  articles.  1 

The  medicinal  plants  exhibited  by  Mr.  Kent  were  W 
remarkably  well  preserved,  that  many  of  tbem  possessed 
all  the  beauty  of  the  living  plant ;  and  in  all  the  speci- 
mens, the  characteristic  smell  and  other  properties  were 
unimpaired.  Such  a  collection  of  dried  medicinal  plants 
was,  I  believe,  never  before  exhibited.  It  is  probable  that 
Mr.  Kent  might  be  able  to  describe  some  practical  im- 
provements in  the  details  of  bis  process.  The  pre- 
cautions  usually  adopted  consist  in  employing  a  properly 
constructed    drying    chamber,    carefully    regulsting   the 
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tempentnre  and  the  supply  of  air^  and  excluding  the 

Tbe  foreign  ooUections  contained  many  fine  specimens^ 
ibliongh  the  British  collection  was  much  more  extensive 
ind  complete.  It  is,  however,  only  fair  to  state,  that 
wme  of  the  leading  manufacturers  in  France  and  6er* 
miny  did  not  exhibit,  and  that  many  of  the  foreign 
productions,  although  smaller,  were  in  other  respects  quite 
eqoal  to  those  in  the  British  section*  The  series  of  che- 
micals from  Messrs.  Powers  and  Weightman,  of  Fhila- 
ddphia,  including  picrotoxin,  piperin,  cubebin,  meni- 
^lermin,  santonin,  several  salts  of  quinine,  and  other  cu- 
rious chemical  products,  deserves  especial  notice.  In  the 
German  and  Austrian  collections  were  fine  specimens  of 
^idal  phosphoric  acid,  phosphorus,  acetic  acid,  bromine, 
prnsnate  of  potash,  ultramarine,  and  many  other  pro- 
ducts. From  Italy  we  had  phloridzine,  santonine,  ergo- 
tine,  quinine,  &c.  Phloridzine  is  a  bitter  principle,  ob- 
tiined  from  the  bark  of  the  root  of  the  pear-tree.  It  is 
not  used  in  England,  but  is  in  high  repute  in  Italy  as  a 
nilwtitate  for  quinine,  to  which  it  is  said  in  some  cases  to 
be  laperior.  It  could  easily  be  prepared  in  this  country 
if  i  demand  should  arise. 

In  the  department  of  animal  chemistry,  some  rare 
organic  products  were  exhibited  by  Mr.  Bullock — krcatine, 
beatiDine,  urea,  hippuric  acid,  &c.  The  processes  for 
obtaining  animal  products  of  this  kind  require  some  skill 
«nd  experience.  The  specimens  were  very  fine.  We  also 
bad  Mr.  Borden's  meat-biscuit — a  convenient  form  of 
viimal  food  in  a  concentrated  and  portable  state. 
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especial  purpoafs,  is  introduced  into  almost  every  branch 
of  art  and  uianulacturc,  in  which  &  bright  blue  pigment  is 
required  ;  and  it  may  now  be  obtained  at  a  price  ranging 
from  10s,  to  Is.  3d.  a  pound.  In  the  Great  Exhibition, 
the  ijiecimens  of  ultramarine,  French,  German,  and  Eng- 
h«b,  held  eo  prominent  a  place,  that  the  Jury  considered 
it  reqtiiaite  to  obtain  the  assistance  of  gentlemen  who  had 
devoted  especial  attention  to  this  particular  subject ;  and 
it  was  no  easy  task  to  decide  as  to  the  comparative  merits 
of  the  very  numerous  samples  which  the  competition  had 
brought  into  the  field. 

If  time  permitted,  I  might  refer  to  Longmaid's  pro- 
cess for  treating  ores  aud  minerals ;  De  LarderePs  process 
for  obtaining  horacic  acid;  and  Prat  and  Agard's  im- 
provements in  the  manufacture  of  salt;  which,  with  M. 
Guinct's  ultramarine  process,  constituted  the  four  dis- 
coveries or  inventions  for  which  the  Council  medal  was 
awarded.  The  other  three  proeessea  do  not  illustrate  the 
influence  of  the  Exhibition  in  promoting  competition,  but 
fthow  the  advantage  of  chemical  discoveries  in  their  ap- 
plication to  the  arts  and  manufactures.  Several  specimens 
■re  OD  the  table  illustrating  the  manufacture  of  iodine  and 
alkali  fnim  kelp.  They  were  exhibited  by  Mr.  Ward, 
rounty  Donegal,  Ireland.  The  manufactory  in  which 
thcw  are  produced  is  on  a  very  large  scale,  and  gives 
ctnployrnent  to  a  great  number  of  persons  in  the  neigh- 
bourhood, showing  the  advantage  of  the  judicious  appli- 
cation  of  industry  to   a  raw  material  (sea-weed)  which 

^^plherwise  would  be  wasted. 

^^k     An  ingenious  application  of  the  science  of  chemistry 
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CDDBists  in  the  manufacture  of  artificia]  essences  of  pean, 
pine-apptes,  and  other  fruits,  A  few  speeimena  which  I 
have  received  from  Mr.  Piper,  of  Upper  Wiuchester  Street, 
PentoQville,  are  on  the  table.  In  the  concentrated  form 
the  smell  is  rather  acrid,  but  when  diluted,  the  resem- 
blance to  the  fruit  is  recognised-  The  beat  imitations  are 
the  pine-apple  and  the  jargonelle  pear;  the  green  gage, 
apricot,  black  currant,  and  mulberry,  when  properly  mixed, 
are  fair  imitations.  They  arc  quite  innocuous  in  the  pro- 
portions used,  namely,  a  drop  or  half  a  drop  to  the  ounce. 
I  have  been  informed  that  some  of  the  ices  furnished  m 
the  Great  Exhibition  were  flavoured  with  these  essences. 
The  introduction  of  these  preparations  originated,  I  be- 
lieve, in  the  discovery  of  the  fact,  that  the  peculiar  flavour 
of  "  pine-apple  rum  "  was  due  to  butyric  ether,  which  his 
since  been  obtained  from  the  fruit  itself.  Further  expe- 
riments led  to  the  diseoveiy  of  other  artificia]  esscDCea. 
The  manufacturers  of  lucifer-matches  are  subject  to  » 
dreadful  disease,  occasioned  by  the  fumes  of  the  phos- 
phorus, which  is  one  of  the  ingredients  in  the  manufacture. 
Phosphorus,  as  you  all  know,  has  a  great  aliiniCy  for 
oxygen,  and  at  the  ordinary  temperature  of  the  air  it 
undergoes  a  slow  cumbustiou,  emitting  fumes  of  phos- 
phoric and  phosphorous  acids,  which,  if  inhaled,  are  veiy 
deleterious.  By  the  process  lately  discovered  by  M. 
Schrikter,  an  Austrian  chemist,  phosphorus  is  reduced 
to  a  condition  perfectly  innocuous ;  it  may  be  handled  and 
even  reduced  to  fine  powder,  in  which  state  it  is  equally 
serviceable  for  the  purposes  of  the  manufacturer.  Messrs. 
Sturge,  of  Birmingham,  who  are  the  proprietors   of  the 
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patent  and  exhibited  specimens,  exerted  themselves  to 
complete  their  arrangements  for  the  manufacture  on  the 
large  scale,  in  order  to  be  in  time  for  the  Exhibition. 
The  importance  of  the  discovery  might  have  given  a  claim 
for  the  Council  medal;  but  the  discoverer,  not  having 
been  the  exhibitor,  was  excluded  by  the  regulations ;  and 
the  exhibitors,  not  having  been  the  discoverers,  could  only 
daim  as  manufacturers. 

Here  is  a  specimen  of  an  improved  method  of  electro- 
plating, the  discovery  of  which  is  claimed  by  Mr.  Lyons, 
of  Birmingham.  By  the  former  process  the  silver  was 
deposited  with  a  dull  crystalline  surface,  and  required 
bnishiDg  with  a  wire-brush  and  burnishing  to  make  it 
bright;  by  the  improved  method  the  silver  is  deposited 
bright  in  the  first  instance.  This  is  effected  by  the  addi- 
tion of  bisulphuret  of  carbon  to  the  solution.  Mr.  Lyons 
pat  in  a  claim  for  a  prize  as  the  inventor,  and  as  the 
foedtion  related  to  a  chemical  process,  it  was  transferred 
from  Class  XXIII.  to  Class  II.  The  patent  was  taken 
out  in  March  1847,  in  the  joint  names  of  Lyons  and 
Holwird,  the  latter  of  whom  disposed  of  his  share  to 
Messrs.  Elkington,  who  have  worked  the  patent,  leaving 
Mr.  Lyons  to  seek  his  remedy  in  Chancery ;  on  the  other 
tide,  I  have  heard  rather  a  different  account,  and  mention 
the  case  as  an  important  improvement  in  a  chemical 
process,  in  which  the  claim  is  disputed. 

I  think  I  have  said  enough  to  show  that  the  Great 
Exhibition  has  acted  as  a  stimulus  to  those  who  are  com- 
mercially engaged  in  the  application  of  chemistry  to 
pnctical  purposes.    There  is  another  class  of  men  on 


ti^fMfin»ltea»fciArffiiirt.     For 

g.  Mwifiif f  ■!■■     I   Ml  aim  ibteii 

itagea  of  deaaBpaaliaa  malting  in  plnmose  slam,  fl 
«1uA  are  demcd'-aoBK  of  Ac  mu;iiific»Dt  crystala  fa 
■Dndcd  u>.  T^  alam  date  cooasU  of  alamitta,  i 
luulpburel  of  iron,  aad  bitttminoiu  matter.     It  exiits  in 
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tome  deserted  coal-mines.    By  the  action  of  atmospheric 

air  the  bisnlphnret  of  iron  undergoes  spontaneous  decom- 

podtion^  the  iron  attracting  oxygen;  another  portion  of 

oxygen  combines  with  the  sulphur^  forming  sulphmric  add^ 

part  of  which  unites  with  the  oxide  of  iron^  and  part  with 

the  alumina,  forming  plumose  alum.     From  this  plumose 

dmn  the  sulphate  of  iron  is  obtained,  and  also  the  alum 

of  commerce — potash  being  added  to  replace  the  iron. 

Tlie  specimens  on  the  table,  which  came  from  Mr.  Wilson, 

of  Hurlet,  near  Glasgow,  have  been  hermetically  sealed  in 

tbe  glass  case  for  more  than  a  year,  and  have  imdergone 

BO  perceptible  change.     A  considerable  volume  of  air  is 

required  to  effect  the  spontaneous  decomposition  of  the 

dam  slate. 

The  series  of  lakes  and  carmines,  with  the  varieties  of 
the  cochineal  insect  and  the  opuntia  cochinillifera,  on  which 
it  feeds,  affords  a  complete  and  interesting  illustration  of 
this  Bubject. 

In  the  raw  materials  and  drugs  comprised  in  the 
materia  medica,  the  several  classes  of  products,  &c.,  were 
coDected  in  groups  to  show  the  varieties.  For  example, 
there  were  varieties  of  sarsaparilla,  rhubarb,  scammony, 
opium,  cloves,  nutmegs,  cardamoms,  with  gums,  resins, 
ttedsy  oils,  barks,  &c.  Many  of  these  objects  were  also 
cdiibited  among  the  collections  of  the  localities  whence 
they  are  derived ;  and  it  is  worthy  of  remark,  that  in 
many  instances  the  latter  specimens  were  inferior  to  those 
in  the  English  collection — an  illustration  of  the  fact  that 
the  commercial  enterprise  existing  in  this  kingdom  attracts 
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the  best  of  everythiDg  from  all  parte  of  the  world,  in  the 
same  mauoer  as  our  metropohtan  fish-market  attracts  the 
best  fish  from  the  sea-side.  Aa  boob  aa  the  value  of  any 
product  or  commodity  is  known  it  generally  finds  its  way 
to  England. 

Here  is  a  series  of  specimens  of  scammony  from  the 
English  collection.  No.  1  is  pure ;  the  others  are  more 
or  less  adulterated,  down  to  No.  5,  which  is  not  worthy  of 
the  name  of  scammony.  In  the  Turkish  collection,  where 
we  might  have  expected  to  find  scammony  imusually  fine, 
No,  1  is  about  on  a  par  with  No.  3  in  those  above  men- 
tioned, and  No.  5  would  not  be  recognised  aa  scammony 
except  by  the  label  on  the  bottle.  It  is  only  wittiin  a  few 
ye&rs  that  pure  scammony  has  been  known  in  EngWd, 
and  its  introduction  arose  from  the  circumstance  of  several 
samples  of  scammony  being  analysed  and  found  to  be 
adulterated  (chiefly  with  starch  and  chalk)  to  an  extent 
varying  from  about  15  to  60  per  cent.  The  fact  being 
reported  to  the  merchant  abroad,  he  replied  that  be  made 
it  to  suit  the  deniaud,  and  mixed  it  according  to  the  price. 
He  said  be  would  send  it  pure  if  desired,  but  it  would  be 
dear  in  proportion.  From  that  time  "virgin  scammony," 
as  it  is  called,  has  been  in  the  English  market,  but  it  has 
not  yet  found  its  way  to  the  continent  of  Europe.  Several 
foreign  professors,  lecturers  on  materia  medica,  and  pos- 
sessors of  extensive  museums,  had  never  seen  pure  scam- 
mony until  they  saw  it  at  the  Great  Exhibition,  and  were 
glad  to  obtain  a  few  ounces  as  a  specimen  to  take  home 
with  them  as  a  curiosity.     Similar  remarks  may  be  made 
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with  regtrd  to  opiam,  of  which  we  had  specimens  from 
▼aiioos  localities.  Thia  ia  a  drug  which,  like  many  others, 
is  adulterated  to  suit  the  demand. 

In  the  Turkish  collection  there  was  pure  otto  of  roses, 
and  also  oil  of  geranium  (as  it  is  called),  with  which  it  is 
usually  mixed.     Similar  specimens  are  on  the  table  from 
the  English  collection.     It  is  only  recently  that  these  two 
srtides  have  been  imported  separately,  and  this  is  decidedly 
m  improvement,  aa  the  public  may  now  purchase  some  of 
eich,  and  mix  tdem  according  to  taste.     In  the  Indian 
eoUection  we  have  the  grass  oil,  which  appears  to   be 
identical  with  the  so-called  oil  of  geranium,  showing  that 
the  latter  name  is  erroneous.     It  is  the  product  of  one  of 
the  andropogons,  of  which  there  are  three  specimens  on 
the  table.     In  several  other  instances  the  Exhibition  has 
usisted  in  correcting  errors  in  the  identification  of  vege- 
table products,  and  furnished  a  clue  to  further  investi- 

gitKHl. 

Among  other  results  to  be  anticipated  from  the  Great 
Exhibition,  the  probable  extension  of  commerce  may  be 
mentioned.  In  some  departments  I  am  aware  that  opi- 
nioDs  differ  on  this  subject ;  and  it  may  be  the  case  with 
trticles  of  luxury,  such  as  decorated  furniture  and  oma- 
nmtal  wares,  that  the  sudden  influx  of  an  unusual  supply 
from  abroad  may  for  a  time  overstock  the  market.  What- 
erer  may  be  the  case  in  other  branches  of  industry,  I  do 
not  anticipate  any  stagnation  in  the  department  now  under 
eoDtideration  as  the  result  of  the  Great  Exhibition.  I 
dioold  rather  expect  that  fresh  sources  of  commercial 
industry  would  be  opened  by  the  exhibition  of  products 
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and  materials  which,  in  the  localities  where  they  are  ioili- 
genous,  may  be  ohtaiued  at  litlle  cost,  aud  which  migbt  be 
valuable  Dcquisitioas  ia  other  plac;es. 

The  Indian  collectjou  coDtalaed  many  cliemical  and 
pharmaceutical  products  which  might  be  advautagcoiuly 
introduced,  and  I  am  informed  that  ne^otiatiuiis  vt 
already  in  pivjgress  for  the  extension  of  trade  in  tlul 
quarter.  I  need  uot  enlarge  on  this  subject,  us  the  pro- 
ductions of  India  form  the  materials  for  a  future  kciaie 
by  Dr.  Royle. 

British  Guiana  furnished  nutucrous  products,  bodig  of 
which  are  un  the  table.  Several  varieties  uf  eapsicDto, 
starch,  meal,  gums,  resins,  fruits,  &c.  Here  is  the  moil 
of  the  bitter  cassava  (janiplia  mamhot),  which  is  sepantril 
from  the  juice  by  means  of  this  long  cylindrical  basket 
called  a  cassava-squeezer.  When  tilled  with  the  bruised 
root,  a  weight  is  attached  to  it  which  contracts  the  dis- 
meter,  and  the  juice  escapes  through  the  interstices — aver) 
different  apparatus  from  the  hydraulic  \ms»  u^d  in  Ui> 
country  for  the  same  purpose.  Tlie  juice  in  its  original 
state  is  poisonous,  but  by  boiling  and  fcrnientatiou  it  a 
deprived  of  its  deleterious  properties,  and  converted  into  a 
condiment  called  cassareep.  It  is  estimated  that  an  acrr 
of  ground  devoted  to  the  cultivation  of  the  bitter  cassava 
would  yield  a  gross  return  of  above  73/.,  rcckoniug  ibr 
meal  at  \d.,  the  cassarcep  at  Is.  ^d.  a  pound,  and  the 
starch  at  40s.  a  hundredweight. 

Frain  the  interest  with  which  our  foreign  visitors  exa- 
mined the  British  juoductions  in  the  class  now  uudti 
eonndentioD,  uid  the  communications  which  have  been 
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made  respecting  many  of  them^  there  is  every  reason  to 
mtidpate  that  the  extension  of  commerce  will  be  reci- 
procal 

The  Exhibition  has  also  been  the  means  of  directing 
attention  to  those  laws  which  interfere  with  the  free  deve- 
lopement  of  industry  and  the  progress  of  the  arts  and 
manufactures.  It  has,  unfortunately,  been  too  much  the 
poHcy  of  the  legislature  in  this  country  to  impose  heavy 
taxes  and  restrictions  on  industry,  and  although  some 
relief  has  latelv  been  afforded,  much  remains  to  be  done. 
The  subject  addresses  itself  especially  to  a  society  devoted 
to  the  encouragement  of  the  industrial  arts.  We  have 
aeen  in  the  Great  Exhibition  a  striking  example  of  the 
effect  of  the  removal  of  such  burdens  on  industry  in  the 
improvement  which  has  taken  place  in  the  manufacture  of 
glass  since  the  repeal  of  the  duty. 

Glass-making  is  a  chemical  art,  and  it  is  in  this  sense 
that  I  allude  to  it,  although  it  comes  under  another  section 
aa  a  branch  of  industry.  As  long  as  the  duty  was  in 
Swce,  it  was  an  obstacle  to  improvement.  The  amount 
rf  the  duty  was  a  small  portion  of  the  evil  compared  to 
the  inquisitorial  restrictions  inseparable  from  the  col- 
leetion  of  a  tax  of  this  description.  Every  operation  of 
he  manufacturer  was  conducted  under  suiTcillance.  He 
lad  no  inducement  to  deviate  from  the  regular  routine  of 
is  business  with  a  view  of  discovering  an  improved  pro- 
;  for  if  he  tried  an  experiment,  the  eyes  of  the  officer 
upon  him.  He  must  pay  the  duty  at  all  events,  and 
hatever  might  be  his  success,  he  could  not  secure  to 
imself  the  advantage,  as  the  secret  was  in  the  possession 
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of  another  over  whom  he  had  no  control.  It  would  be 
difficult  to  e:taiggerate  the  obstructive  and  withering  in- 
fluence of  this  system  of  espionage,  or  to  contrive  a  more 
effectual  bar  to  the  progress  of  any  industrial  art.  Bnt 
as  BOOQ  as  the  incubus  was  removed,  a  new  era  in  the 
history  of  glass-making  commenced,  and  the  Crystal 
Palace  was  called  into  existence  as  a  monument  to  com- 
memorate the  event.  Within  the  Crystal  I'alaee  we  find 
numrroUB  specimens  of  glass,  adapted  to  a  variety  of  pur- 
poses to  which  it  had  not  previously  been  applied.  Many 
of  these  improvements  and  appliances  are  in  their  infancy, 
and  it  is  impossible  to  foresee  where  they  will  end. 

I  mentioned  that  several  of  the  leathng  chemical 
manufacturers  in  France  and  Germany  did  not  exhibit. 
This  did  not  arise  from  the  fear  of  being  left  behind  in 
the  competition,  but,  I  rather  suspect,  from  an  opposite 
cause.  In  the  manufacture  of  certain  chemical  products 
in  which  spirit  of  wine  is  required,  the  English  cliemist, 
whose  spirit  is  heavily  taxed,  cannot  compete  with  the 
French  or  German  chemists,  who  obtain  their  spirit  at 
about  a  fourth  of  the  price.  On  this  account  many  pro- 
ducts are  largely  imported  which  would  otherwise  be  made 
in  this  country.  Some  of  the  foreign  makers  of  such 
products  could  have  made  a  magnificent  display  at  the 
Exhibition,  hut  by  so  doing  they  might  have  given 
umbrage  to  some  of  their  customers.  This  is  an  inference 
which  may  fairly  be  drawn  from  the  absence  of  certain 
names  from  the  list  of  exhibitors ;  and  I  mention  it  to 
show  the  influence  of  high  duties  in  crippling  British 
uidustry.     The    diflKencc   between   the   spirit   duty   in 
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EDgiand  and  ia  Scotland  almost  drives  the  English  che- 
mist out  of  the  field  in  the  manufucture  of  chloroform  and 
»ome  other  articlea  derived  from  or  prepared  with  spirit^ 
bat  not  coDiiog  within  the  definition  of  "spirit  uiixturea." 

I  am  Bwarc  that  there  are  practical  diflicnltics  in  re- 
gtrd  to  the  spirit  duty ;  these,  however,  do  not  apply  to 
du  tax  upon  paper,  which  in  some  branches  of  its  madu- 
&ctlire  has  derived  improvements  from  chemical  processes. 
thUMt  who  duly  estimate  the  influence  of  education  must 
be  Knaible  of  the  impolicy  of  placing  a  cheek  on  improve- 
meots  and  economy,  in  the  manufacture  of  the  material 
on  which  instruction  is  conveyed. 

If  the  plea  of  necessity  or  some  count  entailing  advan- 
Uge  could  be  urged  in  favour  of  these  taiea  upon  industry, 
«e  might  patiently  submit ;  but  it  is  not  so  easy  to  be 
reconciled  when  we  find  that  an  amount  equal  to  the 
whotc  of  ihe  paper  duty,  together  with  the  entire  receipts 
of  the  Great  Exhibition,  is  hkely  to  he  absorbed  in  the 
expenses  of  a  disastrous  and  hopeless  war,  of  which  it  is 
emphatically  observed  in  "The  Times,"  of  Monday  last, 
"  Our  yearly  outlay  in  this  agreeable  work  is  about  four 
times  the  total  sum  devoted  to  the  purposes  of  art,  science, 
and  pubbc  education  in  the  United  Kingdom." 

The  Industrial  Exhibition  was  designed  as  an  antidote 
to  Buch  calamities,  as  a  means  of  promoting  peace  and 
harmony  by  the  encouragement  of  commercial  and  friendly 
intCTCourse  throughout  the  world.  The  discussion  of  the 
antidote  naturally  suggests  an  allusion  to  the  existence  of 
the  poison. 

The  necessity  for  an  amendment  in  the  potent  laws  is 


ON  THE  CHEMICAL  AND  PHARMACEUTICAL 


i 


■154 

another  aubject,  which  has  been  brought  prominently 
forward  by  circnmstaucea  connected  with  tlie  Great  Exhi- 
bition. I  am  iin'Bre  that  a  Committee  of  this  Society  has 
been  engaged  in  the  endeavour  to  ubtuin  ihin  amciidment. 
The  Bill  having  been  thrown  out,  I  trust  these  efforts 
will  be  renewed  with  more  success  early  next  session. 
There  are  several  chemical  inventions,  among  many  others, 
which  will  be  affected  by  the  result.  1 

The  Great  Exhibition  has  furnished  numerous  coati)M 
butions  to  museums,  illustrating  art,  science,  and  industry..  « 
Among  these,  the  British  Museum,  the  Museum  at  Kew, 
and  the  Jluseum  of  Economic  Geology,  may  be  mentioned 
as  the  three  public  institutions  which  have  participated. 
Among  the  chartered  or  private  societies,  I  may  include 
the  Chemical,  Pharmaceutical,  Geological,  Linnean,  and 
Zoological.  In  these  institutions  the  specimens  are  pre- 
served fur  reference  and  examination  by  those  who  arc 
interested  in  the  several  subjects  illustrated. 

I  ouglit  not  to  pass  over  the  distribution  of  prizes 
among  other  dements  of  the  Great  Exhibition.  It  has 
been  customary  to  give  prizes  at  the  Expositions  in  France 
and  in  other  places,  and  it  is  supposed  by  some  that  this 
is  a  neeessary  accompaniment  of  an  exliibitioa.  The 
prizes  are  intended,  first,  as  an  extra  stimulus  to  industry ; 
secondly,  as  a  reward  of  merit.  With  regard  to  the  first 
of  these  objects,  I  very  much  question  whether  the  desire 
to  obtain  prizes  induced  any  persons  to  exhibit  who  would 
not  have  done  so  in  the  abscuce  of  this  prospect  :  and  I 
also  doubt  whether  among  the  exhibitors  the  proposed 
honorary    distinction    operated    as    an  extra    stimulus    to 
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exertion.    As  rewards  of  merit,   I   am  inclined   to  the 
opinion  that  the  prizes  were  a  fallacy.     The  same  prize 
keing  given  for  very  different  degrees  of  merit,  those  who 
feerved  it  most  naturally  appreciated  it  least,  and  vice 
ffrsd,  consequently  the  amount  of  reward  is  inversely  in 
the  ratio  of  the  degree  of  merit.     The   reward   which 
exhibitors  most  desire,  and  which  is  to  them  of  the  most 
substantial  importance,  is  the  approval  and  patronage  of 
the  public ;  and  the  publication  of  a   detailed  report  pre- 
pared by  competent  persons  in  each  class,  and  giving  to 
e>ch  exhibitor  the   credit  which  is  his  due,  would  give 
more  general  satisfaction  and  operate  as  a  greater  stimulus 
than  the  distribution  of  2918  medals  precisely  similar  for 
perfomiauces  totally  different. 

In  conclusion,  I  may  advert  to  the  probable  influence 
of  the  Great  Exhibition  in  promoting  education  in  che- 
niistry  and  pharmacy,  by  drawing  attention  to  the  im- 
portance of  institutions  in  which  these  branches  of  science 
Me  taught.  In  the  present  state  of  the  law  in  this  coun- 
try, no  school  of  chemistry  or  pharmacy  can  exist,  unless 
liberally  assisted  by  donations  or  subscriptions.  Even 
the  Royal  College  of  Chemistry,  notwithstanding  the 
pfestige  of  the  name  of  Prince  Albert  as  its  head,  would 
ba?e  been  in  the  "Gazette'^  long  ago  if  it  had  not  been 
**i*tained  by  royal  munificence  and  public  liberality.  The 
8ehool  at  the  Museum  of  Economic  Geology  is,  1  believe, 
almost  entirely  supported  by  public  funds.  The  school 
of  the  Pharmaceutical  Society  has  been  kept  up  for  some 
years  at  an  expense  of  several  hundreds  per  annum. 

Those  who  have  examined  the  chemical  and  pharma- 
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ceutical  products  in  the  EsLibition  must  be  aware  of  the 
Decessity  of  some  special  trainiDg  aad  education  for  those 
who  are  engaged  in  this  branch  of  scientific  industry  ; 
yet  the  law  neither  requires  any  quulificalion,  nor  recog- 
nises it  where  it  exists.  The  pharmaceutical  chemists 
have  been  endeavouring  for  several  years  to  obtain  a 
remedy  for  this  defect.  From  the  time  that  the  Great 
Eshibition  was  first  proposed  I  have  considered  it  a  move 
in  the  same  direction-  Supjiorted  by  this  Society,  which 
is  devoted  to  the  general  advancement  of  science  in  its 
various  practical  applications,  and  including  in  its  scheme 
every  branch  of  industry,  it  appeared  to  be  the  duty  and 
the  interest  of  every  class  to  support  the  undertaking. 
It  afforded  the  opportunity  for  an  honourable  competition 
between  British  chemists  and  the  chemists  of  other 
nations,  and  for  useful  interchange  of  ideas  between 
persons  engaged  in  the  same  pursuits ;  it  was  calculated 
to  promote  harmony  and  good  fellowship  through  the 
medium  of  scientific  and  commercial  intercourse.  Its 
genera!  tendency  was  to  unite,  and  therefore  to  strengthen, 
the  hands  of  those  who,  in  their  several  departments,  are 
I  engaged  in  the  advancement  of  science,  and  its  application 
to  commerce  aud  the  arts. 
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THE  CHEMICAL  PRINCIPLES  INVOLVED  IN  THE 
MANUFACTURES  OF  THE  EXHIBITION. 


The  indiitttrial  producto  of  the  different  countries  rcpre- 
Knted  at  the  Exhibition  showed,  as  a  marked  feature  of 
ucendiag  Civilization,  that  civilized  states  differ  from  bar- 
baroas  nations  in  their  manner  of  employing  natural  forces 
II  aids  to  production.  In  the  less  advanced  State,  human 
hhoni,  often  exhibited  with  an  endurance  and  patience 
Mwcely  conceivable  to  Europeans,  attained  good  results, 
llioagb  not  superior  to  those  produced  by  European 
methods  involving  quick  execution  with  little  manual 
libouT.  I  might  refer  you,  as  an  example,  to  the  fine 
blue  glazed  tobes  worn  by  the  higher  class  of  Africans, 
This  cloth,  dyed  with  indigo,  receives  its  gloss  by  the 
lalMrious  process  of  rubbing  vrith  the  ehell  of  a  snail  as 
hard  as  the  force  of  the  wrist  can  bear.  About  fifty  years 
nince,  our  handloom  weavers  used  a  round  bottle  for  a 
timilar  purpose,  but  now  our  calenderers  give,  in  the  same 
time,  to  tuilea  of  cloth  a  gloss  superior  to  that  produced 
by  tbis  infimtely  laborious  process  to  a  few  inches  of  the 
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material.  It  would  appear  that  the  leea  civilized  nations 
attain  a  bigh  degree  of  excellence  in  manufactures  when 
tbey  depend  on  mere  ingenuity  and  lahour,  as  in  the  mus- 
lins of  Dacca  and  Chundeiec,  and  do  not  involve  an  inti- 
mate acquaintance  with  natural  forces.  So  far  as  regards 
beauty  of  design  and  the  harmony  of  colours,  European 
nations  had  little  to  teach,  but  much  to  learn.  The  rude 
pottery  of  Tunis  was  more  elegant  in  form  than  the  com- 
mon pottery  of  modem  Europe.  The  shawls  and  carpets 
of  India,  both  as  to  design  and  harmony  of  colouring,  were 
unequalled.  So  long  as  the  manufactures  involved  human 
labour  and  a  perception  of  heauty  as  their  principal  ele- 
ments, the  less  civilized  states  equalled,  and  often  excelled, 
the  productions  of  Europe.  But  when  economy  of  time 
and  of  labour,  or  an  euligbtened  comprebcnsion  of  a 
natural  force,  became  essential  conditions,  then  the  strik- 
ing progress  of  European  manufactures  was  manifested. 

The  progress  of  civilization,  with  its  necessary  increase 
of  human  wants,  compelled  man  to  invent  means  for  their 
gratification.  The  study  of  natural  forces  then  became 
necessary,  because  their  employment  not  only  added  much 
to  his  power,  but  also  materially  economized  his  time. 
The  cleansing  of  the  Augean  stables  by  manual  labour  was 
impossible  even  to  the  enduring  powers  of  Hercules,  but 
by  the  use  of  a  natural  force,  in  the  form  of  the  waters  of 
the  AlpheuB,  the  work  was  speedily  and  effectually  accom- 
plished. 

The  position  of  nations  in  the  scale  of  civilisation 
depends  upon  their  greater  or  less  acquaintance  with,  and 
employment  of,  natural  forces.    All  nations  have  a  coucep- 
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uOQ  of  their  use,  but  their  relative  success  arises  from  their 
^flJv^^  them  to  the  best  advantage  and  under  the  most 
faoiinble  circumstances.  In  the  attempt  to  storm  the 
faitof  Arcot,  the  Rajah  drove  before  him  numerous  ele- 
fkntSy  armed  with  iron  plates,  in  the  hope  that  the  gates 
P  toU  yidd  to  these  living  battering-rams.  But  the  gal- 
l  int  Clive  met  this  ill-applied,  by  a  well-applied,  force. 
Ikdghth  of  an  ounce  of  gunpowder,  propelling  an  ounce 
rflesd  firom  an  iron  tube,  was  sufficient  to  alter  the  direc- 
tion (^  this  misused  force,  and  to  cause  the  huge  beasts  to 
tvn  ind  trample  upon  the  army  using  them  as  allies. 

Mechanics  being  a  deductive  science,  and  naturally 
gRNring  from  the  observation  of  common  phenomena, 
Arded  powers  which  man  availed  himself  of  in  an  early 
itite.  The  separate  action  of  two  mechanical  forces  being 
bown,  the  result  of  their  combined  action  can  be  predi- 
cted. But  in  chemistry  it  is  very  different.  Two  bodies, 
^  as  muriatic  acid  gas  and  ammoniacal  gas  being 
boQglit  together,  no  previous  reasoning  could  tell  us  that 
HQn  these  two  gases  a  solid  would  be  produced;  and 
iBtUng  inherent  in  themselves  could  enable  us  to  say, 
Aittlie  acid  character  of  the  one  and  the  alkaline  character 
rfthe  other  would  wholly  disappear  in  the  resultant.  Che- 
Btttry,  therefore,  in  its  present  state,  as  Mills  has  shown, 
li  Bot  so  much  a  deductive  bbjboi^  experimental  science. 
Icfare  it  could  be  applied  to  the  purposes  of  Industry,  its 
operience  had  to  accumulate,  and  its  teachings  to  be  appre- 
tttod  and  systematized.  This  accumulation  of  experience 
im  been  going  on  from  the  time  of  Tubal-Cain  until  now, 
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aaici^'iBV,  in  adibg  nev  &cts  to  its  stores,  mateni^ 

^I^BHb  n  pownv.     It  »  not,  therefore,  surprising  thti 

it  SIM  «f  Ac  iMtf  ttf  Uk  stienccs  Thich,  u  abrancliof 

mtftmrnamBt  \amAuAi.i,  bn  oSovd  its  sen-ices  to  didh; 

Ji^  dai^g  ik  duct  mstoiK  as  a  sepante  science,  it  hfl 

mm^mi  Vma^  xaaaitu  ukd  enjopnents  to  a  greM 

—  4^*  A^  m^  >d  its  eUer  sastcn.     If  I  can  show  yi 

I    4ail9'|MiAdn)«d6aBt^Exkibidoii,  it  will  natnnll|f 

r  I     Mhnt,  A«  Ae  anlf  tf  Chenistiy  ia  essential  to  tl 

IkcviHb  W<i>&Bim  and  tbe  effects  of  compc 
1  of  increaaed  power,  b 
r  ind  of  ttme ;  and,  in 
I  «f  tkne  «iait%  A(t«  ie  b  constant  aim  I 
dgMti  iffinaA^  of  little  value  useful  and  f 
L     fW«h  the  WaiGts  conferred  upon  industi;  \ 
I  br  Eabbage  and  others,  H 
I  stiD  BMic  rtrikin£:ly  by  her  younger  aista 
ExamimDE:  tbe  Tanous  applications  of  Cb 
n  manufactures,  they  naturally  dinde  the! 
tdh«a  aAi  tbe  following  three  heads,  which  I  thereCo 
•lift  M  ^  baas  of  my  Lecture. 

1.  OKDical  appliances  whidi  have  added  to  huini 
fummt^aA'*  bv  rumishing  substitutes  for  mechanical  cO 
WnaMMk  or  \ij  albrding  tools  and  methods  of  arriving 
iwdbi  Ibnan^  impossible. 

It,  Methods  of  pn>ducing  ecouomy  of  time,  gcuen 
wntem  ftvm  »  constant  tendency  to  simplification. 
^  SMnAi  q'  QtiKsing  products  apparently  woii 
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or  of  endowing  bodies  with  properties  which  render  theui 
of  increased  value  to  industry. 

When  a  manu£Eu;ture  ia  already  established^  the  results 
of  eompetition  not  only  compel  an  increasing  attention  to 
^  tk  eeonomy  of  power  or  of  time^  but  also  require  an 
ikrene  of  the  industrial  value  of  the  article  offered  for 
onpetition.  He  that  can  replace  an  expensive  mecha- 
nal  power  by  a  cheap  chemical  process^  or  can  economize 
IKoduction  by  the  happy  adaptation  of  natural  forces,  must 
poness  advantages  over  his  less  skilful  competitors.  Vul- 
on  produced  his  works  more  economically  than  the  mere 
UMtal  blacksmiths  of  his  time,  by  availing  himself  of  the 
fan  of  Mount  Etna  for  his  forges.  The  possibility  to  do 
vkt  previously  could  not  be  done  generally  effects  a  moral 
iiwdl  as  a  physical  result.  The  communication  of  a  new 
power  often  occasions  great  social  changes.  It  has  been 
JQtdf  said,  that  the  discovery  of  the  Greek  fire  projected 
bm  the  walls  of  Constantinople  "  saved  Europe  from 
Jttdation  by  the  Saracens ;"  and  it  is  equally  true,  that 
^  personal  animosity  of  warriors  and  the  hostile  spirit  of 
aations  have  been  much  subdued  by  the  new  system  of 
tictics  introduced  when  a  German  monk,  in  deflagrating  a 
luiitnre  of  sulphur,  nitre,  and  charcoal,  discovered  gun- 
powder. Morality  was  improved  and  crime  lessened,  when 
the  brilliant  lighting  of  our  streets  by  the  introduction  of 
gtt  made  every  passer-by  a  detective  policeman ;  just  as 
^  cares,  anxieties,  and  expenses  of  a  government,  will 
be  diminished  by  a  fuller  developement  of  the  electric 
<^ph. 
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In  a^dhioa  to  Uw  £nct  eommiuiication  of  power,  the 
hmcawd  ccjpuim;  trf  time  leralting  from  cbeminl  appG- 
UMXS  is  at  baoMeBat  importuice  in  maDuTactures.  Thia 
aonetinKs  llaiknn  the  diatovery  of  new  bodies  eodowed 
witb  peculiar  propeitia,  bat  it  far  more  commonly  arises 
from  tbe  redaction  of  a  complex  to  a  simple  process.  It 
it  witb  Cbemistry  as  with  Mechanics ;  the  progrrsa  of  dis- 
coTcry  is  in  the  direction  of  simpIiiicatioD.  The  simplifi- 
cation of  complex  processes  is  the  economy  of  labour,  the 
hoshanding  of  wealth.  ladnstr^-,  in  its  progress,  con- 
tinoally  finds  more  ready  means  of  culti^'%ting  and  reaping 
fields  long  in  its  possession.  Yon  all  recollect  the  story  of 
poor  Ho-tt  and  tbe  pig,  told  witb  snch  deiightfnl  YiTacity 
by  Charles  Lamb.  AVhen  Ho-ti's  house,  cODtaining  i 
litter  of  young  pigs,  was  bamed  to  tbe  ground,  it  was 
natural  that  he  should  discover  tbe  delicate  taste  of  roasted 
pig ;  and  it  was  equally  natural,  as  a  cousequcnce  of  this 
discovery,  that  the  inhabitants  of  Pekin  should  introduce 
pigs  into  their  houses,  and  bum  them  down,  when  th^ 
desired  to  participate  in  a  dish  so  savour)' :  but  it  was 
great  discovery  when  an  ingenious  person  found  that 
common  fire  would  do  equally  well,  and  that  it  was  not 
absolutely  necessary  to  burn  down  a  house  every  time 
pig  bad  to  be  dressed.  "  By  such  slow  degrees,"  con- 
eludes  tbe  Chinese  History,  "do  the  most  useful  and 
seemingly  the  most  obvious  arts  make  their  way  among 
mankind."  The  moral  of  this  well-known  story  is  of 
every-day  occurrence  in  the  Chemistrj*  of  the  arts.  Not  a 
year  passes  without  the  most  mature  processes  uf  manu- 
faetore  being  further  simplified  and  economized.     It  is 
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vitl)  indastry  as  with  nature ;  many  of  the  lower  animals 
We  a  repetition  of  organs^  destined  for  the  performance 
of  omilar  functions  exercised  by  single  organs  in  the 
i^ler  animals.  Various  stomachs  and  several  eyes  in  the 
lower  creatures  are  not  more  effective  than  one  stomach 
tod  two  eyes  in  man.  The  law  of  repetition  of  organs  is 
ik  the  complex  processes  of  manufactures^  represented  by 
fcter  but  more  perfect  methods  as  civilization  ascends, 
ifgos,  with  his  hundred  eyes,  was  not  nearly  such  a  prac- 
tice man  as  a  Cyclops  with  one  eye ;  the  hundred  eyes  of 
AigOB  were  found  napping  when  work  had  to  be  per- 
fcnned,  but  with  the  one  eye  of  the  Cyclops  the  trident 
Wtt  forged  which  assured  to  Neptune  the  empire  of  the 
Ka.  The  industrial  position  of  England  has  been  gained 
V  ^  perception  of  this  truth,  and  by  her  constant 
Oideavours  to  replace  complex  processes  of  manufacture 
I9  means  more  simple  and  perfect. 

The  third  division,  into  which  I  have  divided  chemical 
ilfliaiices  to  Industry,  is  one  peculiarly  characteristic  of 
^teeing  civilization.    European  nations,  as  they  increase 

• 

IB  wants,  examine  every  material,  to  see  if  it  be  adapted  to 
dtdr  ministration ;  they  do  not,  like  the  African  Dokos, 
Wy  their  heads  in  the  ground,  and  shaking  their  legs  in 
^  air,  thank  the  Supreme  Being  that  they  are  content 
vith  snakes,  ants,  and  mice,  for  their  food.  Using  their 
licida  for  sublimer  purposes,  they  observe  and  investigate 
^  phenomena  and  properties  of  each  body,  so  as  to  ascer- 
^  how  far  it  may  be  made  subservient  to  their  desires. 
Ib  these  investigations  Chemistry  offers  vital  aid :  she, 
ve  a  prudent  housewife,  economizes  every  scrap.     The 
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horseabot  naila,  dropped  in  the  streets  during  tbedl 
traffic,  arc  carefully  collected  by  her,  and  reappear  il 
forin  of  awurds  and  guns.  The  clippings  of  tbe  travelH 
tinker  are  mixed  with  the  parings  of  horses'  hoofs  h 
the  smithy,  or  the  cast-off  woollen  garments  of  the  p 
inhabitants  of  a  sister  isle,  and  soon  afterwards,  i 
form  of  dyes  of  brightest  blue,  grace  tbe  dress  of  w 
dames.  The  main  ingredient  of  tbe  ink  with  which  I  ao^ 
write  was  possibly  once  part  of  the  broken  Loop  of  un  old 
beer-barrel.  The  bonea  of  dead  auimiils  yield  the  chief 
constituent  of  lucifer- matches.  The  dregs  of  port-wine, 
carefully  rejected  by  tbe  port-wine  drinker  in  decanting 
his  favourite  beverage,  are  taken  by  him  in  tbe  momiug, 
in  tbe  form  of  Seidlitz  powders,  to  remove  tbe  effects  oC 
his  debauch.  Tbe  offal  of  the  streets  and  the  washings  of 
coal-gas  reappear  carefully  preserved  in  the  lady's  stnelling- 
bottle,  or  arc  used  by  her  to  flavour  blancmanges  for  bcr 
friends.  This  economy  of  the  Chemistry  of  Art  is  only  in 
imitation  of  wh&t  we  observe  in  the  Chemistry  of  N&tnre. 
Animals  live  and  die ;  their  dead  bodies,  passing  into 
putridity,  escape  into  tbe  atmoHpherc,  wbeuee  plants  again 
mould  tbem  into  forms  of  organic  life  ;  and  these  plants, 
actually  consistiug  of  a  past  generation  of  ancestors,  form 
our  present  food.  ^1 

The  objects  of  the   Exhibition  were  divided  inta   ii^ 
1.  Their  raw  materials ;  2.  The  maebinery  used  in  their 
preparation  ;  3.  The  manufactures  themselves ;  4.  The  fine 
art  employed  to  adorn  them.     I  would  that  I  had  time  to 
take  even  a  general  chemical  survey  of  these  four  din- 
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8WM,  and  show  you  how  everywhere  Chemistry  is  ajflfording 
luraid;  bat,  as  this  is  impossihle,  I  must  content  myself   ) 
vith  isolated  examples  from  the  manufacturing  depart-    V 
DQit  only,  adducing  them,  however,  merely  as  indications    \ 
tf  the  onifersal  presence  of  the  Science.  J 

I&ON  Smelting. 

Let  us  select  the  smelting  of  iron*  as  an  example  of 
tile  teachings  of  Chemistry.  If  practice,  unaided  by 
Sdenoe,  be  suffici^it  for  the  prosecution  of  manufactures, 
tiiis  venerable  art  must  be  thoroughly  matured,  and 
Science  could  scarcely  expect  to  be  of  much  use  to  it  in  its 
present  state.  But  while  we  find  much  to  admire  in  the 
triumphs  of  practical  Experience,  there  is  yet  great  room  for 
tie  improvement  of  this  art.  The  cheapness  of  iron  ore, 
ttd  of  the  coal  used  in  its  smelting,  has  been  so  great, 
tbat,  regardless  of  their  capital  importance  to  this  country, 
ve,  like  careless  spendthrifts,  use  them  without  thought  of 
tkc  future. 

The  mode  of  smelting  iron  consists  in  mixing  the  ore 
with  lime  and  coal,  the  former  producing  a  slag  or  glass 
vith  the  impurities  of  the  ore,  while  the  coal  reduces  the 
onde  of  iron  to  its  metallic  state.  Much  heat  is  required 
^  the  process  of  smelting,  but  the  cold  air  blown  in,  as 
the  blast,  lowers  the  temperature,  and  compels  the  addi- 
tkonof  fnel,  as  a  compensation  for  this  reduction.    Science 

*  Althoagb  the  smelting  of  iron  is  not  strictly  within  the  division 
of  manofactures,  according  to  the  classification,  its  importance  to  tliis 
noDtry  nill  authorize  an  exception  in  its  favour. 
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pointod  to  this  Ioob,  and  aom  the  air  ta  heated  befcve  bd# 

iniradnad  to  the  limaee.     The  ijttai^tv  of  coal  a  wol 

dnfii^  **■»"■■■'■  ^  hy  thn  appficatioo  oC   Science;  1 

HriBd  of  aoMtt  taaa  irf'  cobI  pv  too  o(  iroa,  three  t0 

warn  aofio^  aad  the  anurant  prodnced  in  the  same  tiniQ 

moeaaed  n^vly  sixtr  per  cent.    Aaaoredly  this  was  »  gri 

step  in  advance.     Coold  Science  do  nMxe  ?  I 

Fliifiwiw    BiinaeD,  in  an  ia»futj  m  which  I  wsa  ^ 

to  idbrd  hin  aid,  haa  albenra  Aat  Ae  tan.     "We  examia 

Ac  lnraaK%  in  each  pottitio  of  Uw  baming  maaa,  aa 

fli^  to  eipooe  Ae  openbona  in  everr  part  of  the  Uad 

atnctore.  thia  aaeaun^  iaaponble  dissectkni  waa  mg| 

pEakadhy^the  ""y*"^  Bcana;  the  fanmcvA  aiecliaai 

fjnn  the  tofi^  md  tkc  mtoials  gniduiil];  descend  to  l 

boCtaat ;  with  At  i^per  dutge  a  lon^  graduated  tnbe  1 

allowed  to  descend,  and  the  gaaea  atieaming  trota  wm 

tained  depths  wen  collected  and  uialyied.     Their  ct 

posttMQ  betnred  with  perfect  accuracy  the  nature  of ' 

actions  at  each  portion  of  the  faniace,  and  the  astonisk 

fact  was  elicited,  that,  in  spite  of  the  saving  produced 

the  introdtiction  of  the  hot  blast,  no  leas  than  81 1  per  « 

ot  fuel  is  actnallj  lost,  only  18|  per  cent  being  realii 

If,  in  ronnd  numbers,  we  suppose  that   four-fifths  of 

fuel  be  thus  wasted,  no  less  than  5,400,000  tons  are  et 

year  thrown  uselessly   into   the   atmosphere,   this  be 

nearly  one-seventh  of  the  whole  coal  annually  raised  in 

United  Kingdoni.     This  enormous  amount  of  fuel  esca 

in  the  form  of  combustible  gases,  capable  of  bung  t 

^^Ificted  and  economised ;  yet  in  spite  of  these  m^gg 
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^uoed  facts,  there  are  scarcely  half-a-dozen  furnaces  in  the 
Toited  Kingdom  where  this  economy  is  realized  by  the 
iitOiiatioQ  of  the  waste  gases  of  the  furnace. 

large  quantities  of  ammonia  are  annually  lost  in  iron- 
snelftiDg,  which  might  readily  be  collected.  Ammonia  is 
comtantly  increasing  in  value^  and  each  furnace  produces 
and  wastes  at  the  least  1  cwt.  of  its  principal  salt  daily^ 
equivalent  to  a  considerable  money  loss.  With  the  low 
frice  of  iron^  this  subsidiary  product  is  worthy  of  atten- 
tbo.  As  I  write^  a  Welsh  smelter  has  visited  mc^  to  say 
tkat  he  has  adopted  this  suggestion  with  advantageous 
Rsolts.  I  might  adduce  other  improvements  introduced 
by  Chemistry  in  the  smelting  process ;  but  these  will  suffice 
to  show  you  that  she  has  added  to  human  power  by  in- 
creasing production^  whOe  she  has  also  economized  both 
tbe  time  and  the  materials  employed. 

Textile  Fabrics. 

Without  the  aid  of  Chemistry^  it  would  have  been  im- 
pottible  for  textile  fabrics  to  have  attained  their  present 
devdopement.     The  bleaching  of  cotton  and  linen  was 
^  much  practised  in   England  until  about  a  century 
*D)ce:  before  that  time^  they  were  sent  to  Holland^  where 
tile  operation  of  bleaching  consisted  in  steeping  them  in 
potaah  for  a  few  days^  afterwards  for  a  week  in  buttermilk^ 
ttd  then  exposing  them  for  several  months  on  a  meadow 
to  the  influence  of  the  sun  and  moisture.     A  great  im- 
provement was  made  in  Scotland^  by  substituting  sulphuric 
idd  for  sour  milk ;  and  the  immediate  effect  was^  to  reduce 
the  time  from  eight  to  foiur  months.     In  1785^  a  French 
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Chemist  suggested  the  use  of  chlorine  as  a  means  of  hast- 
ening the  process,  and,  in  the  last  year  of  the  eighteenth 
century,  a  compound  of  this  gas  with  lime  was  introduced 
by  Tounant  of  Glasgow.  The  dcvelopement  of  the  cotton 
manufacture  now  became  immense.  By  a  ha])py  adapta- 
tion of  other  chemical  processes,  in  conjunction  with  the 
bleaching  power  of  chlorine,  the  time  required  for  the 
whitening  of  cotton  and  linen  fabrics  was  at  once  reduced 
from  months  to  hours,  while  the  miles  of  outstretched 
calico,  defacing  the  verdure  of  country  districts,  disappeared, 
the  whole  operation  being  carried  on  within  the  small 
space  of  an  ordinary  factory.  You  may  imagine  what  an 
impulse  this  gave  to  a  trade  so  important  to  ua.  The 
bleaching  of  calico  now  consists  of  a  chemical  operation  of 
great  precision ;  that  of  silk  and  wool  has  not  yet  been 
80  thoroughly  comprehended  by  Science,  and  consequently 
has  not  derived  so  many  advantages  from  its  application. 

A  greater  acquaintance  with  the  theory  of  bleaching 
has  led  to  a  better  understanding  of  the  very  ancient  prac- 
tice of  mashing.  The  washing  of  domestic  linen  is  by  no 
meaUB  an  operation  too  insignificaut  for  the  attention  of 
the  Chemist.  A  dozen  shirts  may  cost  3/.  12s.,  this  being 
the  united  interest  of  the  producer,  cot  ton -spinner,  and 
shirt-maker.  These  shirts  will  last  three  years,  with  care, 
and  supposing  three  to  be  washed  each  week,  the  coat  of 
washing— that  is,  the  washerwomen's  interest  in  the  dozen 
shirts — amounts  to  71.  16».,  or  more  than  double  that  of 
the  cot  ton -spinner.  In  fact,  the  cost  of  washing  is  about 
one-twelfth  the  income  of  a  family  of  moderate  means. 
Taking  rich  and  poor  together,  and  estimating  the  cost  of 
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Vishing  at  no  more  than  $d,  per  head  weekly^  the  annual 
cbijiie  of  washing  to  the  metropolis  alone  is  1^585^060/.^ 
wUeh  is  equal  to  about  one-twenty-fifth  of  the  whole  capi- 
til  invested  in  the  cotton  manufactures  of  the  United 
Kingdom.  Hard  water  usually  contains  Ume^  and  in 
wishing  that  earth  unites  with  the  fatty  acid  of  soap,  pro- 
ducing an  insoluble  body  of  no  use  as  a  detergent.  For 
efcry  100  gallons  of  Thames  water^  80  oz.  of  soap  are 
tiros  wasted,  before  a  detergent  lather  is  formed.  In  per- 
nnal  ablution,  we  economize  this  excessive  waste  by  the 
uncomfortable  practice,  universally  followed  in  London,  of 
taking  about  an  ounce  of  water  into  the  hands,  and  con- 
verting it  into  a  lather,  the  water  in  the  basin  being  only 
employed  to  rinse  this  off,  instead  of  aiding  in  the  deter- 
goice.  But  in  washing  linen  this  plan  cannot  be  followed, 
wcry  particle  of  the  lime  being  removed  before  the  soap 
becomes  useful ;  this,  as  a  matter  of  economy,  is  frequently 
iecomplished  by  carbonate  of  soda,  as  being  cheaper  than 
mp.  The  amount  of  soap  and  soda  salt  thus  wasted  in 
the  metropolis  has  been  stated  to  be  equal  to  the  gross 
water  rental.  Hard  water,  besides  wasting  soap,  produces 
t  greater  tear  and  wear  of  clothes. 

All  these  facts  are  well  known  to  manufacturers,and 
bence  the  care  with  which  a  water  is  selected  before  the 
Kit  of  a  manufactory  is  determined.  Why,  then,  should 
we  not  attend  to  our  domestic  manufactures,  considered 
triffing  only  because  they  are  carried  on  with  a  great  divi- 
■w  of  labour,  unseen  in  its  aggregate  ?  Yet  these  do- 
>>estic  manufactures  are  of  more  importance,  economically, 
tbin  those  carried  on  in  large  and  imposing  factories. 
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I  wish  I  bad  time  to  refer,  with  sufScient  detail,  to  the 
discovery  of  Mercer,  who  has  shown  that  the  immeraion  of 
cotton  in  soda  or  ia  sulphuric  ucid  causes  an  equal  contrac- 
tion of  the  fibres,  thus  producing  the  mechanical  effect  of 
a  loom.  If  very  fine  calico,  containing  as  much  as  180 
picks  to  the  inch,  be  thus  treated,  it  contracts  to  calico  of 
260  picks  to  the  inch  —  a  fineness  not  yet  attained  by  any 
mechanical  contrivance.  This  calico,  in  addition  to  its 
acquired  fineneae,  has  also  assumed  powers  which  enable 
it  to  receive  colours  superior  to  those  assumed  by  ordinary 
cahco.  Before  leaving  this  important  discovery  of  Mercer, 
I  should  allude  to  one  other  by  the  same  chemist.  The 
French  calico-printers  employ  niouaseliues-de-laine  con- 
sisting altogether  of  wool,  while  in  England  we  use  a  much 
cheaper  fabric,  consisting  of  wool  and  cotton.  The  colours 
on  this  mixture  are,  however,  extremely  meagre  when 
compared  with  the  former;  but  Mercer  has  shown  that 
the  mixed  fabric  acquires  the  propertii;s  of  the  other,  when 
it  is  treated  with  a  bath  of  chloride  of  lime.  This,  one  of 
the  most  important  discoveries  ever  made  in  calico-print- 
ing, lias  been  of  great  value  to  this  country. 

I  cannot,  however,  allude  to  all  the  triumphs  of  Che- 
mistry in  calico-printing,  an  art  which  has  grown  with  the 
growth  of  Chemistry  and  strengthened  with  its  strength. 
The  knowledge  of  mordants  and  of  colours,  and  the  other 
results  of  chemical  discoveries,  are  of  every-day  occurrence. 
Let  us  take  one  of  the  last  examples.  Lapis  lazuli,  long 
celebrated  for  its  beautiful  blue,  almost  ranked  among  the 
precious  stones,  and  was  sold  at  a  price  which  put  it  quite 
out  of  the  reach  of  the  calico-printer.      But  chemists, 
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tteertiiiiiDg  its  ecnopodtion  by  analyaii,  soon  learned 
km  to  make  it  by  synthesis.  Artificial  ultramarine  is 
aov  fflsnafiMrtaied  at  three  or  four  shillings  per  pound. 
Bot  when  it  was  made,  how  was  it  to  be  fixed  on  cloth  7 
Rom  its  insolubility^  its  fixation  was  a  real  difiiculty. 
Ckemists  suggested  that  the  ultramarine  might  be 
BBed  with  albumen,  which,  being  coagulated  by  heat, 
losld  retain  the  colour  on  the  cloth  to  which  it  was 
^flieL  Whole  barrels  of  the  dried  white  of  eggs  are 
Bov  to  be  seen  at  calico-print  works.  Yet  this  is  an 
dpeoiive  process.  Could  common  cheese  not  be  substi- 
tuted for  the  white  of  eggs?  Cheese  is  soluble  in 
iBUDoaia,  and  the  ultramarine,  being  mixed  with  this 
lolntioD,  is  retained  by  the  cheese,  when  the  ammonia 
cviporates.  Now,  therefore,  the  ultramarine  is  fastened 
OB  by  cheese,  made  from  the  buttermilk  of  Scotland,  and 
loU  under  the  name  of  lactarine. 

A  recent  application  of  Chemistry  to  the  economy  of 

^fciog  deserves  especial  attention.     Madder,  the  dye  most 

coQUDonly  used  for  calico,  after  imparting  its  colour,  was 

CQttidered  useless.     The  large  quantities  of  spent  madder 

CQQstintly  accumulating  were   found  exceedingly  incon- 

vcoient.     It  was  not  yaluable  enough  for  the  manure- 

^f  and  the  rivers  became  polluted  in  carrying  away 

tke  wsste  material.      But    Chemistry   has   shown   that 

ictosOy  one-third  of  the  colouring  matter  is  thus  thrown 

my,  and  that  simple  treatment  with  a  hot  acid  again 

Roders  it  available  as  a  dye.      These  waste-heaps  are 

■ow  sources  of  wealth,  and  the  dyer  no  longer  poisons 

the  rivers  with  npeat  madder,  but  carefully  collects  it, 
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is  order  that  the  chemist  may  make  it  again  tit  for  his 


Slannateofaodaisa  salt  largely  uaed  by  calico-printers. 
The  uaual  mode  of  preparing  it  was,  (1),  tin  was  reduced 
from  its  ore  ;  (2),  this  tin  was  dissolved  in  muriatic  acid ; 
(3),  it  was  oxidized  by  nitric  acid  or  chlorine ;  (4),  the  oxide 
thus  formed  was  precipitated  and  redissolved  by  soda,  this 
bulky,  aqueous  solution  being  furnished  to  calico-printers. 
Mercer  simplified  the  process,  and  obtained  it  in  the  solid 
state  by  two  operations :  (1 ),  the  tin  was  obtained  as  before ; 
(2),  this  tin  was  fused  with  a  mixture  of  nitrate  of  soda  and 
caustic  soda,  the  former  oxidizmg  it,  and  the  latter  form- 
ing stanoate  of  soda  with  the  oside  thus  formed.  Young 
showed  in  the  Ediibition  a  still  further  simplification.  The 
common  ore  of  tin  is  an  oxide  :  why,  then,  was  it  necessary 
to  reduce  it  to  the  metallic  state  merely  to  oxidize  it  again  ? 
He  therefore  fused  the  ore  at  once  with  soda,  the  impuri- 
ties remainiug  imdissolved ;  and  the  salt  was  made  by  one 
operation.  I  quote  this  instance  as  a  remarkable  example 
of  the  tendency  of  Chemistry  to  simplify  processes  of  manu- 
facture. The  history  of  this  salt  is  an  exact  parallel  to  that 
of  Ho-ti  and  the  pig. 

I  might  refer  to  the  important  discoveries  of  yellow 
and  red  prussiate  of  potash,  the  formers  of  Prussian  bine  ; 
but  this  would  only  be  to  cite  one  out  of  innumerable 
appliances.  I  prefer,  therefore,  to  finish  this  part  of  the 
subject,  by  alluding  to  the  resists  and  discharges  used  in 
calico-printing.  In  order  to  preserve  white  patterns  in 
the  process  of  dyeing,  the  nations  of  the  East,  whence 
caJico-printlng  originated,  still  employ  the  most  laborious 
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mecluuucal  devices^  each  white  spot  being  covered  with 
Kaling-wax^  or  by  being  tied  up  and  protected  from  the 
^e.   Bj  the  aid  of  chemistry,  we  either  discharge  the 
colour  on  the  cloth^  or  we  put  upon  it  bodies  which  resist 
tbe  action  of  the  mordants  and  prevent  the  colour  attach- 
ing to  that  particular  part.    Acids  made  from  the  lees  of 
wine  (tartaric  acid)  and  from  the  lemon  (citric  acid)  are 
Boir  largely  used  in  these  operations^  and  hence  come  the 
Watifiil  patterns  we  enjoy  in  our  dresses.     It  was  found 
tint,  even  when  the  whites  were  thus  obtained^  they  be- 
came soOed  in  washing  off  the  excess  of  mordants  from  the 
other  parts  of  the  cloth ;  and  the  only  mode  of  preventing 
tkia  was,  to  treat  the  cloth  with  a  bath  of  cowdung.     Large 
Juries  were  consequently  necessary  adjuncts  of  a  cfilico- 
print  work.     Chemistry  has  shown  that  the  action  of  the 
nuurnre  is  due  to  its  phosphates ;  and  a  mixture  of  phos- 
phate of  soda,  phosphate  of  lime,  and  size,  is  now  substi- 
tuted for  the  filthy  baths  formerly  indispensable.     I  could 
•pcnd  hours  in  discoursing  to  you  on  the  triumphs  of  Che- 
nnitry  in  the  dyeing  of  textile  fabrics,  whether  of  cotton, 
wool,  and  silk,  or  their  mixtures;  but  I  must  content 
nyielf  with  these  few  isolated  examples,  and  pass  on  to 
other  subjects. 

Leatheb. 

The  manufacture  of  leather  has  been  less  advanced  by 

4e  application  of  Chemical  Science  than  any  other  of  the 

■rti.    If  Simon,  the  tanner  of  Joppa,  had  been  able  to 

•end  leather  to  the  Exhibition,  no  doubt  he  would  have 

euikd  off  a  medal  for  leather  as  good,  and  made  exactly 
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by  the  same  process,  as  that  of  our  most  eminent  manu- 
facturers of  the  present  day.  And  yet  the  science  of 
leather  production  is  better  understood  now  than  then ; 
but  80  many  physical  conditions  are  involved  in  the  pro- 
duction of  good  leather,  that  scientific  processes  have  been 
unable  to  satisfy  them  all.  The  hides,  steeped  in  an  infu- 
sion of  oak-bark,  absorb  tannin  and  are  converted  into 
leather.  Good  sole  leather  takes  about  a  year  to  tan,  and 
even  calf-skins  consume  a  month  in  the  operation.  Che- 
mists have  certainly  indicated  substitutes  for  bark,  con- 
taining a  greater  amount  of  tannin,  and  these,  as  for  instance 
terra  japonica,  cutch,  catechu,  and  dividivi,  produce  their 
effects  in  half  the  time ;  but  the  leather  is  said  not  to  be 
so  durable.  With  sumach,  light  skins  may  be  tanned  in 
twenty-four  hours,  and  with  the  aid  of  alum  even  in  one 
hour;  but  the  resulting  manufactures  are  not  preferred 
to  the  old  processes.  Atmospheric  and  hydrostatic  pres- 
sure have  been  used  to  hasten  the  absorption ;  the  refined 
laws  of  Endosmosis  and  Exosmosis  have  been  called  in  to 
accelerate  the  process ;  heavy  rollers  have  squeezed  the 
solution  through  the  pores ;  but  all  these  methods  have 
had  at  the  best  but  a  doubtful  success.  Leather-manu- 
facturers meet  men  of  science  by  the  well-founded  asser- 
tion, that  the  resulting  leather  is  too  porous,  too  hai'd 
or  too  soft,  or  not  sufficiently  durable ;  and  they  revert 
to  their  old  traditional  modes  of  preparation.  I  allude  to 
these  failures  the  more  especially  to  show  that  there  is 
B  wide  chasm  between  the  chemist's  laboratory  and  the 
workshop, — a  chasm  which  has  to  be  bridged  over  by  the 
united  aid  of  the  philosopher  and  the  manufacturer.     One 
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witbout  the  other  does  not  suffice^  but  both^  working  to- 
gether, may  achieve  great  resolta.  Tet,  in  bridging  over 
tUi  chasm,  they  must  act  on  a  common  plan.  If  the 
nuDrafactnrer  boild  his  half  without  understanding  the 
pnociples  of  construction  employed  by  the  other,  the  aides 
tftbe  bridge  may  indeed  meet,  but  they  are  not  con- 
itneted  to  receive  the  binding  influence  of  the  key-stone, 
ttdthe  arch  must  give  way  and  tumble  down. 

Having  thus  shown  the  comparative  failure  of  Che- 
■uitiy  in  revolutionizing  this  important  manufacture,  let 
Be  tike  one  or  two  instances  from  it  to  prove  that,  in  the 
^s  of  the  working,  it  has  been  of  use  in  economizing 
time  and  labour,  and  in  affording  new  uses  to  compara- 
Wy  valueless  objects.  In  removing  the  hair  from  the 
Udes,  previous  to  tanning,  it  was  customary  to  shave  it 
vith  a  knife.  This  process  was  tedious  and  imperfect, 
«ad  the  following  simple  one  is  now  used.  Lime- 
*>ter  dissolves  the  bulbous  root  of  the  hair,  when  the 
wi  are  immersed  in  it  for  some  time,  and  the  hair 
■iy  then  be  readily  removed  by  a  blunt  instrument.  By 
vt  simple  process  one  man  can  remove  the  hair  from  a 
"Vidred  kid-skins  in  about  an  hour.  Still  the  immersion 
'^foires  several  weeks,  while  the  addition  of  red  orpiment 
to  tlie  lime,  as  practised  by  the  sheep-skin  manufacturers 
rf  France,  reduces  the  time  to  a  few  hours. 

When  goat-akins  are  tanned  for  morocco  leather,  it  is 

■tteisary,  in  order  to  adapt  them  for  dyeing,  to  remove 

tte  lime  absorbed  by  the  last  operation.     A  solution  of 

mmm  gracum  cleanses  the  pores  effectually,  leaving  them 

9  tpoogelike,  that  air  can  readily  be  forced  through  them. 


«K  TSE  caEMICAL  Fftl-VCirUS  l.VTOLTED 

^  process  of  tumine  is  ivndered  raucli  mo, 
m  tttt  completed  irithin  twcntj-four  hours;  nbile 
ier  is  reodered  fit  to  azsame  the  colours  so  chitK- 

«f  morocco.     About  fifty  prrsons  are  empluyed  it 
>  to  collect  the  sweepings  of  d(^-kenne1s  for  tW 
t,  mod   many  more  in  applriog  them;  and  I 
J,  by  Mr.  Bcvin^on,  that  the  eum  annually  'fui 

eaUeetora  and  workmen  employed  in  ming  tur 
worthless  Bubst&nce,  is  not  less  than  aOOOJ.is 
>hs  alone. 

[  currier  shaves  leather  to  render  it  of  equal  thick- 
mI  the  shavings  were  treated  as  waste,  scarcely  S 

Buuiure-hcap,  but  Chemistry  has  shown  tlinttli^ 
I  much  nitrogen,  which  renders  them  well  adspw 
bnuation  of  the  beautiful  colour  known  as  Prustia 


MlNEHAL  AND  METALLIC  MaNCFACTCRBS. 

Tbe  mineral  and  metallic  manufactures  are  those  wlu^ 
h  have  derived  most  advantagea  from  ChemistJy- 
kd  pottcrj'  are  in  fact  chemical  manufactures.  1* 
esperienee  of  two  thousand  years  in  China  b* 
t«  Europeans  by  a  few  years'  ap))licstioii 
Glass,  made  by  the  ancients  from  the  aA 
odin  plants,  is  now  formed  by  soda  artificial^ 
W  am  salt.     The  Exhibition  showed  that  tU 
tu  tdruiccd  as  it  is,  may  still  be  susceptiti 
tor,  in  the  French  departmt^nt,  gli 
m  vbkb  sine  and  harytea  were  substituU 
1W  iMnkniag  and  production  of  steel,  tl 


IS  THE  MANt'FACTCBES  OP  THE  EXHIBITION.        179 

discovery  of  many  new  alloys  endowed  with  properties 
moat  important  to  the  arts,  and  the  electrotypbg  of  metals, 
art  familiar  examples  of  chemical  appHauces ;  but  this  very 
bmiliarily  renders  it  unnecessary  that  I  should  dwell  upon 
them.  I,  therefore,  from  want  of  time,  leave  these  im- 
portant manufactures,  and  pass  on  to  others,  in  which  the 
infiuence  of  Chemistry  may  be  less  palpable  to  the  general 
obsen^er. 


Soap. 

Soap  is  probably  not  older  than  the  Christian  era,  for 
the  BOBp  of  the  Old  Testament  seems  to  have  been  mei'cly 
Profaue  history,  previous  to  Christ,  does  not  allude 
soap,  and,  iu  alt  the  detailed  descriptions  of  the  bath 
of  washing,  it  is  never  mentioned.  Pliny  describes 
ito  manufacture,  but  ascribes  to  it  as  singular  a  use  as  that 
given  to  the  potato  by  Gerarde,  who,  in  his  "  Herbal," 
assures  us  that  it  "  is  a  plant  from  America,  which  is  an 
excellent  thiug  for  making  sweet  sauces,  and  also  to  be 
ealeo  with  sops  and  wines;"  so  Pliny,  in  regard  to  soap, 
states,  that  its  main  purpose  was  to  dye  the  hair  yellow, 
and  that  men  used  it  fur  this  purpose  much  more  than 
women.  Gradually  its  use  became  more  extensive,  and 
its  manufacture  considerable.  Soap  generally  consists  of 
a  fatty  acid,  combined  with  the  alkali  of  soda.  This  soda 
was  imported  from  Spain  under  the  name  of  barilla,  itself 
tbe  aahea  of  plants  grown  near  the  sea.  As  these  plants 
derived  their  soda  from  the  sea,  near  which  they  flourished, 
listry,  though  singularly  enough  iu  the  person  of 
tlcoa  Bonaparte,  suggested  tliat  it  might  be  arlificially 
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made  from  sea  salt,  A  process  for  this  was  perfected,  and 
soda  derived  from  salt  tiaa  now  replaeed  barilla.  From 
1829  to  1834  the  average  annual  import  of  barilla  was 
252,000  cwt. ;  it  is  now  almost  nothing.  But  bcgides 
this  substitution,  the  cheapness  and  comparative  purity 
of  the  soda  made  from  salt  is  so  great,  that  the  manu- 
facture of  soap,  and  consequently  of  soda,  is  enormously 
increased,  and  probably  exceeds  ten  times  the  largest 
quantity  of  barilla  ever  imported  in  one  year  into  this 
country.  Its  cheapness  and  excellence  have  also  had  a 
prodigious  effect  on  the  manufacture  of  glass. 

Chemistry  has  thus  produced  great  economy  and  'of- 
creased  power  of  production  to  the  manufacturers  of  aoiqi 
by  furnishing  them  with  soda  prepared  directly  and  arti- 
ficially from  salt,  instead  of  through  the  organism  of 
plants.  This,  however,  is  only  one  of  the  benefits  con- 
ferred on  thi.'!  msnufaeture  by  Chemical  Science,  The 
fiscal  regulations  of  foreign  countries  rendered  their  tallow 
and  fats  expensive  to  British  industry.  Russia,  with  al- 
most a  monopoly  of  tallow  and  linseed  oil,  thought  it  good 
policy  to  sell  them  at  high  prices.  But  Chemistry  pointed 
out  that  vegetables,  as  well  as  animals,  produce  similar 
lats.  The  fat  of  beef  and  mutton  exists  in  cocoa  beans  ; 
human  fat  in  olive-oil;  that  of  butter  in  palm-oit ;  and 
horse  fat  and  train-oil  are  in  many  oily  seeds.  Was  it, 
then,  necessary  to  submit  to  the  high  prices  of  Russian 
tallow  ?  Now,  palm  and  cocoa-nut  oil  largely  replace  the 
fat  of  the  Russian  oien  and  sheep,  although  the  cheap 
importation  of  similar  fats  from  .\uBtralia  and  South  Ame- 
rin  has  rendered  the  substitution  less  necessary. 


I 
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Pebtumbbt. 

Much  aid  has  beoi  given  by  Chemistry  to  the  art  of 

pofiunery.    It  is  true  that  soap  and  perfumery  are  rather 

rifik,  the  increase  of  the  former  diminishing  the  use  of 

tkelttter.    Costly  perfumes,  formerly  employed  as  a  mask 

tonnt  (^cleanliness,  are  less  required  now  that  soap  has 

heeome  a  type  of  civilisation*    Perfumers,  if  they  do  not 

occupy  whde  streets  with  their   shops,  as  they  did  in 

^loent  Capua,  show  more  science  in  attaining  their  per- 

fiuoes  than  those  of  former  times.    The  Jury  in  the  Ezhi- 

wkm,  or  rather  two  distinguished  chemists  of  that  Jury, 

Dr.  Hoffman  and  Mr.  De  la  Rue,  ascertained  that  some 

<rftke  most  delicate  perfumes  were  made  by  chemical  arti- 

fice,  azid  not,  as  of  old,  by  distilling  them  from  flowers. 

'^  perfume  of  flowers  often  consists  of  oils  and  ethers, 

whicb  the  Chemist  can  compound  artificially  in  his  labora- 

^*  Commercial  enterprise  has  availed  itself  of  this  fact, 

^  sent  to  the  Exhibition,  in  the  form  of  essences,  per- 

^^ODSM  thus  prepared.     Singularly  enough,  they  are  gene- 

'lUy  derived  from  substances  of  intensely  disgusting  odour. 

A  peculiarly  foetid  oil,  termed  ^^  fusel  oil,^'  is  formed  in 

^i^g  brandy  and  whisky.     This  fusel  oil,  distilled  with 

^oric  add  and  acetate  of  potash,  gives  the  oil  of  pears. 

^  oil  of  apples  is  made  from  the  same  fusel  oil  by  dis- 

^tioQ  with  sulphuric  acid  and  bichromate  of  potash. 

Qe  oil  of  pine-apples  is  obtained  from  a  product  of  the 

*tion  of  putrid  cheese  on  sugar,  or  by  making  a  soap 

^  butter,  and  distilling  it  with  alcohol  and  sulphuric 

iCKl,  and  is  now  largely  employed  in  England  in  the  pre- 
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paratiou  of  pine-spple  ale.  Oil  of  grapeaand  oil  of  cognac, 
used  to  impart  the  flavoui  of  French  cognac  to  British 
braudy,  are  little  eisu  than  fusel  oil.  The  artificial  oil  of 
bitter  almonds,  now  so  largely  employed  in  perfuming 
Boap  and  for  flavouring  confectionary,  is  prepared  by  the 
action  of  nitric  acid  on  the  foetid  oila  of  gas-tar.  Many 
a  fair  forehead  is  damped  with  eau  de  indlefleors,  without 
knowing  that  its  csBcntial  ingredient  is  derived  from  the 
drainage  of  cowhouses.  The  winter  green  oil,  imported  from 
New  Jersey,  being  produced  from  a  plant  indigenous  there, 
is  artificially  made  from  willows  and  a  body  procured  in 
the  distillation  of  wood.  All  these  are  direct  modem 
appliances  of  science  to  an  industrial  purpose,  and  imply 
an  acquaintance  with  the  highest  investigations  of  organic 
Chemistry.  Let  us  recollect  that  the  oil  of  lemons,  turpen- 
tine, oil  of  juniper,  oil  of  roses,  oil  of  copaiba,  oil  of  rose- 
mar)-,  and  many  other  oils,  are  identical  in  composition, 
and  it  is  not  difficult  to  conceive  that  perfumery  may 
derive  still  further  aid  from  Chemistry. 

Candles,* 

The  manufacture  of  candles  has  recently  been  much 
improved  by  the  aid  of  Chemiatry,  Tallow  candles,  or 
their  more  expensive  substitute,  wax,  were  generally  used 
till  within  the  last  twenty  years.  The  tallow  itself  was 
long  very  impure,  containing  cellular  tissue,  which  was 
only  partially  removed  in  the  form  of  a  scum,  known  as 

■  1  hHVO  bod  tlir  ojvantagc  of  Sditinf;  llii-  admirable  Report  of 
Jury  KXJX.,  and  bave  availed  myself,  with  penuiatiion  of  iu  Milbor,  of 
«ome  uew  iufomuUioii  oonumed  in  il. 
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"  cracklings/'  This  impurity  rendered  the  light  unsteady^ 
ind  obstracted  the  wick.  The  old  method  of  purification 
itill  largely  used  in  this  country^  though  superseded  on 
tk  continent  and  in  Dublin^  whence  such  good  tallow 
cuiJIes  were  exhibited^  has  been  displaced  by  a  process 
of  treating  with  sulphuric  acid  the  tallow  melted  by  steam. 
Much  of  the  smell  is  thus  removed^  and  a  larger  amount 
ofiporer  tallow  is  obtained.  The  researches  of  Chevreul 
Ittd  shown  that  fats  consist  of  fatty  acids^  combined  with 
t  kind  of  sugar  named  glycerin^  which  it  was  important 
to  remove;  this  glycerin^  removed  in  candle-makings  is 
fiot  used  as  liniments  in  cutaneous  afiections^  and  is 
^ployed  as  a  remedy  in  deafness  and  rheumatism.  By 
iKMling  with  lime^  an  insoluble  soap  is  formed^  while 
^  glycerin  remains  dissolved  in  the  water.  This  lime- 
^,  decomposed  by  a  stronger  acid^  yields  the  fatty 
icida  in  a  pure  state.  But  there  are  generally  two  solid 
^  mixed  with  a  fluid  one;  and  the  latter  is  easily 
'onoved  by  pressure,  the  solid  fats  remaining.  The 
*oIid  acids  are  made  into  the  beautiful  candles  erro- 
^usly  called  "stearine.'*     Various  difficulties  occurred 

• 

^  this  manufacture.    The  solid  acids,  crystallizing  rapidly, 
vere  ill  adapted  for  candles;   but  the  introduction  of 
^ncnic  in  small  quantity  prevented   the  crystallization. 
^  public  were  justly  alarmed  at  this  dangerous  practice, 
^  the  manufacture  was  threatened  with  extinction,  when 
^  was  found  that  a  small  per-centage  of  wax  produced  the 
*UDe  efiFect,  and  that  large  crystals  might  even  be  pre- 
vented by  a  careful  regulation  of  the  temperature.     This 
eril  was  therefore  avoided  ;  but  a  more  serious  one  aro^ 
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Tb<e  mbt»  of  the  -miikB,  hoooc  . 

■cidi  to  ipliittCT;  and  tkk  ». 

Time  uhcv,  however,  fonn  m  fio 

the  wick*  uc  dipped  into  a  aoli 

difficnlty  in  removed;  a  lalt  «f 

this   purpose.      SnoKs^ 

■anic,  kiul  ■  tclt-mtdBag  antte  aw  a 

CliMiibti  bRvc  told  OB  that  flame  ta  haBv 

tuinillK  no  oxygrn  capable  of  nipportiiig 

tliu  wick,  Iwing  iii  the  hollow  part,  adadcd  bvm  A> 

by  it>  tlury  priun,  i>  charred,  and  dimmiAea  the  ^^  u 

ihn  wick  could  be  made  to  turn  outwarda,  it  woald  rwfc 

the  exterior  air  and  be  consumed,  whilst  the  ^bai 

by  tlic  action  of  the  borax  on  its  ashes  would  ako  b  ff- 

niovdi).     TIiIm  beautiful  acicntific  &ct  wu  attained  bf&B 

introduction  of  plaited  and  twisted  wicks,  the  temMM 

the  tlireaiU  forcing  the  wick  to  curl  outwards  to  the 

terior  of  tUo  flauie,  where  it  is  rapidly  burned. 

Atioltirr  HTVAi  iniprovement  now  took  place.  Inpl^ 
pariiiff  the  commcrciiil  stearine  from  palm-oil  or  taDo^r 
it  ii  nMnitial  to  remove  the  glycerin,  and  this  had  bo'' 
aeoompliahcd  by  pinpoiiifying  tbem  with  alkalies.  SulphoriB' 
•oiil,  acting  on  f»t<,  nnites  with  the  oily  acids  and  wiA 
glycerin ;  the  former  i-ompouuds  nre  decomposed  by  WsU* 
und  brcHuie  insoluble,  while  the  latter,  from  bdog 
•olubti',  is  removed;  the  oily  acids,  blackened  with  ita 
(lailRiyed  organic  impurities,  are  now  distilled,  and  it 
found  that  a  jet  of  steam,  heated  somewhat  in  the  mani 
"•f  Ibit  hot  blaHt,   Bids  their  distillation,  the  fatty  ad 

iag  over   in   a   comparatively  pure  form,  while  I 
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leadual  black  resmous  matter  is  made  into  black  sealing- 
^u*  Candles  may  now  be  made  from  the  distilled  fatty 
ttids  It  once,  or  they  may  be  pressed  to  remove  the  oleic 
•ddi. 

The  oleic  acid,  both  finom  this  mode  of  manufacture 
ttd  from  that  by  aljLaline  saponification,  is  principally 
exported  to  France,  where  it  is  made  into  a  hard  soap.  In 
tlui  country  we  have  yet  to  acquire  the  method  of  doing 
titti.  He  excellence  of  the  acid  saponification  is,  that  it 
tt  ipplicable  to  palm-oil  and  to  the  most  impure  and  foetid 
^;  by  its  means,  the  finest  candles  may  be  made  from 
tke  waste  of  the  glue-maker  and  from  the  oily  residues 
obuined  by  the  decomposition  of  the  waste  lyes  of  the 
vooflen  manufacturer  and  the  bleacher.  As  the  first  beau- 
^  process  of  saponification  sprang  from  the  abstract 
iciearcbes  of  Chevreul,  so  has  the  last  elegant  method 
snsen  from  the  scientific  investigations  of  Fr^my,  although 
1^  of  them  have  been  reduced  to  practice,  with  many 

•  

UDprovements,  by  the  manufacturers  themselves.     The 

• 

ii&portance  of  the  manufacture  may  be  understood  when  I 
^  that  one  company  (Price's  Candle  Company)  pos- 
■tties' cocoa-nut  plantations  in  Ceylon,  and  employs  eight 
l^&dred  workmen  in  its  five  manufactories  in  London, 
^g  a  capital  of  nearly  half  a  million,  and  dividing 
Profits  to  the  extent  of  40,000/.  per  annum. 

Chemistry  has  not  yet  done  so  much  for  the  manufac- 
^  of  wax  candles  as  might  have  been  anticipated.  Wax 
ititill  bleached  by  exposure  to  air  and  light,  and  the 
operation  has  been  hastened  more  hy  mechanical  than  by 
chemical  eontrivances ;  the  bleaching  of  wax  is  a  tedious 
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and  often  a  difEculf  process,  and  demands  ^ater  attention 
from  chemists  than  it  baa  received;  the  Brazilian  maho- 
gany-coloured wax,  produced  by  a.  black  bee  hiving  under- 
ground, has  not  yet  been  bleached  by  the  sun,  and  might 
be  imported  in  considerable  quantity  if  Chemistry  offered 
means  for  removing  its  colour.  I  do  not  allude  to  what 
Chemistry  offera  to  do,  but  it  would  appear  that  paraffin 
and  oil  from  coat,  and  possibly  from  peat,  may  dispense, 
to  a  certain  extent,  with  the  necessity  for  sperm-whale 
fishing. 

Coal- Gas.  B 

The  manufacture  of  coal-gas  is  an  admirable  example 
of  the  benefits  conferred  by  Chemistry  in  all  the  three 
divisions  of  its  uses;  for  it  not  only  has  economized 
human  power  and  time,  but  it  has  utilized  alt  tbe  pro- 
ducts employed  in  removing  its  impurities.  Coal-gas 
was  only  introduced  to  use  at  the  beginning  of  this  cen- 
tury, and  the  public  prejudice  which  had  to  be  overcome, 
and  the  difficulties  to  be  surmounted  in  its  actual  manu- 
facture, may  still  be  remembered  by  many  of  my  hearers. 
It  was  no  mean  innovation  to  replace  tallow  candles 
and  oil  lamps  by  an  air  streaming  through  pipes,  but  the 
difficulties  attending  its  purification  from  noxious  ingre- 
dients appeared  even  more  insuperable  than  to  reconcile 
the  public  to  the  innovation  :  the  gas  had  an  insupport- 
ably  foetid  odour,  and  certainly  injured  health  when 
burned ;  it  discoloured  the  curtains,  tarnished  the  metals, 
eat  off  the  backs  of  books,  and  covered  everything  with  its 
fuming  smoke.     It  required  a  man  of  courage,  as  indomi- 
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table  as  Winaor,  its  great  advocate,  to  persuade  the  public 
to  continue  its  use  until  means  were  found  for  the  removal 
of  these  noxious  qualities.  Here  Chemistry,  itself  the 
father  of  the  manufacture,  was  called  in  consultation.  The 
impurities  in  the  gas  are  sulphuretted  hydrogen,  which  tar- 
nished the  metals,  and  with  sulphuret  of  carbon  produced 
sulphureous  fumes;  ammoniacal  compounds,  which  changed 
the  colours  of  dyes  and  acted  on  leather;  tany  vapours, 
which  caused  the  deposition  of  soot;  and  all  these  had  to  be 
removed.  The  ammonia  and  the  tar  were  partially  con- 
densed in  tubes  kept  cool,  the  sulphuretted  hydrogen  and 
carbonic  acid  were  removed  by  lime,  and  the  ammonia  by 
I  washing  the  gas  with  water.  This  last  operation  was  the 
Hiut  effective,  and  new  substitutes  had  to  be  devised,  one 
"flf  which  I  may  mention ;  superphosphate  of  lime,  con- 
sisting of  bones  diaiwlved  in  sulphuric  acid,  only  required 
ammonia  to  make  it  a  powerful  and  eicellcnt  manure; 
tnys  of  this  superphosphate  were  therefore  placed  in  a 
mber  through  which  the  gas  passed,  and  thus  the  nm- 
a  was  removed,  while  the  phosphate  became  enriched. 
"A  new  method  i«  now  extensively  employed,  and  shows 
the  tendency  to  simplification  resulting  from  discovery. 
By  this  method  almost  all  the  conditions  of  purification 
are  satisfied  by  one  process ;  the  gas,  after  cooling,  is  at 
once  taken  into  a  chamber  containing  carbonate  of  lime 
and  sulphate  of  iron;  these,  reacting  upon  each  other, 
produce  oxide  of  iron  and  sulphate  of  lime.  Tlie  gas, 
streaming  through  this  nii:iture,  gives  up  its  sulphuretted 
^n  l^ydrogen  to  the  oxide  of  iron,  while  the  carbonate  of 
^■mmonis,  decomposing  the  lime  salt,  forms  sulphate  of 


^^  trays  01 
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ammonia  and  carbonate  of  lime,  the  lime  tbus  being  recon- 
I'erted  to  its  original  state ;  the  gas  before  being  passed  into 
this  mixture  is  occasionally  led  through  chloride  of  calmm 
in  order  to  aid  the  removal  of  the  ammoniacal  sa)t.  Vihta 
the  mixture  has  done  its  work  it  is  exposed  to  air,  lud 
the  sulphide  of  iron  absorbing  oxygen  is  converted  inW 
&  basic  sulphate  of  iron ;  hence  the  mixture  is  aimilar  in 
its  purifj-ing  character,  except  that  it  contains  sulphate  of 
ammonia,  which  may  be  washed  out  and  preserved,  wbik 
the  residue  is  employed  over  and  over  again.  By  this  ele- 
gant process  the  noxious  sulphur  compounds  are  utilii(J 
in  the  fabrication  of  sulphate  of  ammonia,  and  the  miitore 
seetns  never  weary  of  performing  its  duty ;  hence  not  onlj' 
is  the  purification  performed  u  one  process,  but  th^  noxiiot 
ingredients  are  converted  into  compounds  of  much  value. 
The  waste  and  badly-ainclling  products  of  gas-making 
appeared  almost  too  bad  and  foetid  for  utilization,  aady^ 
every  one  of  them,  Chemistry,  in  its  thriftineas,  has  w^ 
almost  indispensable  to  human  progress ;  the  badly-smell- 
ing tar  yields  benzole,  an  ethereal  body  of  great  sdvtn' 
])owers,  well  adapted  for  preparing  varnishes,  used  largtlj 
for  making  oil  of  hitter  almonds,  of  value  for  removing 
grease-spots,  and  for  cleansing  soiled  white  kid  glov» 
The  same  tar  gives  naphtha,  so  important  as  a  solvent  b( 
Indian  rubber  and  gutta  percha ;  Kimilar  tar,  when  i 
from  wood,  yields  creosote,  a  powerful  preservative  1 
animal  matter,  and  much  employed  as  a  medicinal  agent 
Coal-tar  furnishes  the  chief  ingredient  of  printer's  ink, 
in  the  form  of  lampblack ;  it  substitutes  asphalte  foe 
Mvements ;  it  forma  a  charcoal  when  mixed  with 
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ILf ,  tliat  acts  as  a  powerful  disinfectant.     When  the  tar  is 
ixed  nith  the  coal-dust,  formerly  wasted  in  mining  opera- 
taons,  it  fornis  by  pressure  an  excellent  and  compact  arti- 
6d&l  fuel;  the  water,  condensed  with  the  tar,  contains 
^^^Aoch  aramonia,  readily  convertible  into  suljihatc  of  am- 
^^■BoDia,  a  salt  now  recognised  as  being  of  great  importance 
^Hw  Bgricalture,  and  employed  in  many  of  tbe  arts.  Cyanides 
ire  also  present  among  the  products  of  distillation,  and 
these  are  readily  converted  into  the  beautiful  colour  known 
as  Frusgion  blue.     The  naphthaline,  an  enemy  to  the  gas- 
manufacturer  by  choking  the  pipes,  may  be  made  into  a 
beautiful  red  colouring  matter,  cloaely  resembling  that 
^^—.frorn  madder.     This,  by  its  transformation,  promises  an 
^^■ilDportant,  though  hitherto  not  yet  realized  useful  pro- 
^^Bjhict.     Coal,  when  distilled  at  a  lower  temperatui-e  than 
that  required   to   form  gas,  produces  an  oil  containing 
paraffin,  largely  used  as   an   antifrictional  oil  for  light 
machinery. 

In  the  isolated  cases  of  manufactures,  adduced  as  tj'pes 
of  the  importance  of  chemical  appliances  to   industry,  I 

■  iacre  referred  to  general  subjects  rather  than  to  individual 
dbjectt  in  the  Exhibition ;  because  these  Lectures  ought,  in 
bbedience  to  the  desire  of  their  Royal  suggeater,  to  be  indi- 
Otions  of  consequences  rather  than  references  to  special 
excellencies.  The  illustrations  have  been  restricted  to 
Chemistry,  not  that  I  unduly  exalt  its  importance,  hut 
that  we  are  wisely  instructed  to  confine  our  attention  to 
the  branch  of  knowledge  most  familiar  to  us.  All  these 
^^  .inatanccs,  however,  are  real  consequential  supports  of  a 
^^■lezt  which  has  already  been  discussed  in  its  general  hear- 
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iDgs  in  another  Lecture.*  The  text  waa  this, — that  the 
progress  of  abstract  science  is  of  extreme  importance  to  a 
nation  depending  upon  its  manufactures.  It  is  only  the 
overflowings  of  science,  arising  from  the  very  fulness  of  its 
measure,  that  beneSt  industry.  When  water  falla  from 
a  higher  to  a  lower  point,  it,  to  a  certain  extent,  increases 
the  velocity  of  rotation  of  the  earth,  and  the  sum  of  the 
increments  of  the  velocity  of  all  falling  waters  would 
soon  be  sensible,  were  it  not  that  the  sun,  lapping  them 
up,  restores  them  to  their  sources,  and  by  removing  them 
farther  from  the  centre,  compensates  for  the  increased  ve- 
locity given  in  one  locality ;  while  at  the  same  time  they 
fertilize  the  lands  on  which  they  fall.  So  is  it  with  Seience 
and  Industi^.  The  overflowings  of  abstract  Science  give 
their  first  impulse  to  the  country  producing  theoT'mit 
■■•  the  Sun  of  knowledge  soon  raises  and  distributes  them  to 
all  lands,  which  receive  benefit  in  just  so  far  as  the  ground 
is  prepared  for  their  fertilizing  influence.  The  discoverer 
of  abstract  laws,  however  apparently  remote  from  practice, 
is  the  real  benefactor  to  his  kind ;  in  reality,  far  more  so 
than  he  who  applies  them  directly  to  industry.  Yet  in 
our  Mammon -worship  we  adore  the  golden  calf  and  do 
not  see  its  real  creator.  It  is  abstract  and  not  practical 
Science  that  is  the  life  and  soul  of  Industry;  practical 
appliances  are  the  organs  through  which  tho  GodTborn 
truths  pass  for  the  sustenance  of  its  general  frame.  The 
cultivators  of  abstract  Science,  the  searchers  after  truth, 

•  "  On  ihe  Nalional  Importiinoc  of  Studying  Abstract  Science  with 
a  liaw  to  tbe  Hcalthj  I'rogresB  of  Indubtij."  Bj  Ljon  Plajfuir,  C.B. 
F.n.S.— H.  M.  Staliouerj  Office. 
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for  elernal  truth's  own  snlie,  are— to  borrow  a  simile,  I 
believe,  of  Canning — the  horses  of  the  chai'Jot  of  industry ; 
tliiMeirho  usefully  apply  the  truths  are  the  harness  by 
wlich  the  motion  \s  communicated  to  the  chariot.  But  is 
thedariot  drawn  by  the  horses  or  the  harness?  Truth 
tony,  in  this  country  of  ours, — and  mark  you  well,  in  no 
Otier  country  in  Europc,^we  honour  thc.harnesB,  but 
St^t  the  horses.  It  is  the  harness  that  is  gilt;  the 
brJ-vrorkiug  horses  too  often  receive  hut  meagre  fare, 
"^ciir,  in  aJU  this,  I  tell  you  a  living  truth ;  one  far  more 
CDonected  with  the  actual  material  progress  of  our  nation 
tlm  you  may  be  aware  of.  The  published  opinions  of 
Sibbegc  and  HiTBcUeT.'^en  who  have  a  right  tu  prouounce 
jnlgme^  on  this  subject,  assure  us  that  England  is  rapidly 
dttUuiag  in  Science.  It  is  most  important  that  we  should 
ncertain  the  real  cause  of  this  decline.  The  cause  would 
•EE^.i!^  t)e,.lhat_we  chiefly  honoiu:  those  who  are  useful 
U  our  time  and  generation  ;  that  our_eye8  are  too  eagerly^ 
bent^npoiijhe  golden  prize,  for  which  we  are  all  running ; 
tnd  Ihat  we  cao  only  a^i-il  to  throw  a  kind  of  theoretical 
■qnint  of  recognition  on  those  men,  who  are  looking  for 
ntUimc  truths,  careless  as  to  whether  they  will  have  any 
inuediate  effect  on  industrial  progress.  And  yet  it  is 
Ihw  my  men  that  give  strength  to  the  sinews  of  a  future 
pacnlioD,  enabling  it  to  keep  its  place  in  the  industrial 
itnggle  of  nations.  Do  not  inisunderstand  ine.  Science 
■ks  so  beautiful  as  when  she  aids  man  to  increase 
ircca  and  comforts ;  but  the  dove  would  not  have 
the  olive-branch  to  the  ark  of  man's  hopes  unless 
been  able  to  take  a  higher  and  longer  flight  than 
that  embraced  in  the  tree  whence  she  came. 
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It  is  no  new  troth  that  both  abstract  Science  and  Art 
should  have  a  position  intimately  allied  witbj  but  still 
thoroughly  independent-OCJLadaatqi^-J  read  mytliologj' 
wrongly,  unless  this  is  strongly  shadowed  out  in  the  hii- 
tory  of  the  gods.  Vulcan,  the  god  of  Industry,  wooeJ 
Minerva  with  a  passionate  love,  but  the  chaste  gi)diie« 
never  maiTied,  keeping  always  indepcndout,  although  no 
celestial  ever  showered  so  many  benefits  on  the  peaceful 
arts.  Artistic  beauty,  in  the  person  of  Venus,  was  rwUj 
wedded  to  Vulcan,  but  this  ill-assorted  union  was  nols 
happy  one,  and  Venus  often  repented  the  alliance. 

Take  the  ease  of  any  philosopher,  the  most  sepUjW 
from  human  sympathies  and  enjoyments,  and  you  will 
find  that  from  him,  though  not  through  him,  have  spnmg 
numerous  appliances  for  their  gratification.  The  tnj 
impersonifi cation  of  abstract  Science  was  Cavendish,  M 
described  by  his  biographer,*  although  fortunately  foi  llie 
world,  such  total  abstraction  from  human  sympathies  doe* 
not  frequently  exist.  "  He  did  not  love ;  he  did  not 
hate ;  he  did  not  hope ;  he  did  not  fear ;  he  did  not  wor- 
ship as  others  do.  He  separated  himself  from  bis  felloif- 
men,  and  apparently  from  God.  There  was  nothing  «r- 
nest,  enthusiastic,  heroic,  or  chivalrous  in  his  nature,  ano 
ss  little  was  there  anything  mean,  grovelling,  or  ignoble- 
He  was  almost  passionless.  ...  An  intellectual  ht»i 
thinking,  a  pair  of  wonderfully  acute  eyes  observing,  ano 
a  pair  of  very  skilful  hands  experimenting  or  reconlingf 
arc  all  that  I  realize  in  reading  his  memorials.  His  brain 
seems  to  have  been  but  a  calculating-engine ;  his  eyei 
inlets  of  vision,  not  fountains  of  tears;  his  hands  instru- 
•  "  life  of  CavendLah,"  by  I>r.  Wilson,  p.  195. 
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mcDts  of  manipulation^  which  never  trembled  with  emo- 
tion, or  never  clasped  together  in  adoration,  thanksgiving, 
or  despair;  his  heart  only  an  anatomical  organ,  necessary 
for  the  circulation  of  the  blood/'  Yet  this  man,  destitute 
of  passions  and  of  sympathies — who,  during  his  body  life, 
poured  down  light  upon,  without  warming,  the  world — 
lis  by  his  mind,  which  still  lives,  conferred  more  real 
Dtterial  benefit  upon  Industry  than  any  of  the  so-termed 
''practical''  men  who  have  succeeded  him.  His  discovery 
of  the  composition  of  water  has  given  to  Industry  a  vitality 
ind  an  intelligence^  the  effects  of  which  it  would  be  diffi- 
eolt  to  exa^erate. 

I  have  shown  in  my  former  Lecture,  that  a  rapid  tran- 
lition  is  taking  place  in  Industry ;  that  the  raw  material, 
formerly  our  capital  advantage  over  other  nations,  is  gra- 
^y  being  equalized  in  price,  and  made  available  to  all  by 
the  improvements  in  locomotion ;  and  that  industry  must 
infdtnre  be  supported,  not  by  a  competition  of  local  advan- 
tiges,  but  by  a  competition  of  intellect.  All  European 
D>tion8,  except  England,  have  recognised  this  fact ;  their 
tlunking  men  have  proclaimed  it ;  their  governments  have 
t^ted  it  as  a  principle  of  state;  and  every  towri  h^  T^pw 
iti  schools,  in  which  are  taught  the  scientific  principles 
iBvoIyed  in  manufactures,  while  each  metropolis  rejoices 
0  an  Industrial  University,  teaching  how  to  use  the  al- 
pliabet  of  Science  in  reading  Manufactures  aright.  Were 
dkere  any  effects  observed  in  the  Exhibition  from  this 
JDteDectual  training  of  their  industrial  populations  ?  The 
official  reserve,  necessarily  imposed  upon  me  as  the  Com- 
missioner appointed  to  aid  the  Juries,  need  exist  no  longer. 
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and  from  my  pcrBonal  couTiction,  I  answer  without 
BcatioDj  in  the  affirmative.  The  result  of  the  Exhibition 
was  one  that  England  may  well  be  startled  at.  .Wherever 
— and  that  implies  in  almost  every  manufacture— Science 
or  Art  was  involved  as  an  element  of  progress,  we  saWj 
an  inevitable  law,  that  the  nation  which  most  culHvaled 
them  was  in  the  ascendant.  Our  manufacturers  were 
justly  astonished  at  seeing  most  of  the  foreign  countrie* 
rapidly  approaching  and  sometimes  excelling  us  in  manu- 
factures, our  own  by  hereditary  and  traditional  right. 
Though  certainly  very  superior  in  our  common  cutlery,  we 
could  not  claim  decided  superiority  in  that  applied  to  sur- 
gical instruments ;  and  were  beaten  in  some  kind  of  edge-i 
tools.  Neither  our  swords  nor  our  guns  were  left  with 
unquestioned  victory.  In  our  plate-glass,  my  own  opinion 
— and  I  am  sure  that  of  many  others — is,  that  if  we  wera^ 
not  beaten  by  Belgium,  we  certainly  were  by  France.  In 
flint-glass,  our  ancient  pres/(p«  was  left  very  doubtful,  and 
the  only  important  discoveries  in  this  manufacture  were 
not  those  shown  on  the  English  side,  Belgium,  which  has 
deprived  us  of  so  much  of  our  American  trade  in  woollea' 
manufactures,  found  herself  approached  by  compctitorBi 
hitherto  almost  unknown ;  for  Russia  had  risen  to  emi- 
nence in  this  branch,  and  the  German  woollens  did  not 
shame  their  birthplace.  In  silversmith  work  we  had  intro- 
duced a  large  number  of  foreign  workmen  aa  modellers 
and  designers;  but,  nevertheless,  we  met  with  worthy 
competitors.  In  calico-printing  and  paper-staining  our 
designs  looked  wonderfully  French ;  whilst  our  colours, 
though  generally  as  brilliant  in  themselves,  did  not  appear 
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to  nearly  so  mach  advantage^  from  a  want  of  harmony  in 
tkeir  arrangement.  In  earthenware  we  were  masters^  as 
of  old;  but  in  china  and  in  porcelain  our  general  excel- 
kooe  was  stoutly  denied ;  although  individual  excellencies 
vere  very  apparent.  In  hardware  we  maintained  our 
vxfmmtj,  but  were  manifestly  surprised  at  the  rapid 
idnnces  making  by  many  other  nations.  Do  not  let  us 
nourish  our  national  yanity  by  fondly  congratulating  our- 
idres  that^  as  on  the  whole  we  were  successful^  we  had 
little  to  fear.  I  believe  this  is  not  the  opinion  of  most 
candid  and  intelligent  observers.  It  is  a  grave  matter  for 
reflection,  whether  the  Exhibition  did  not  show  very  clearly 
and  distinctly  that  the  rate  of  industrial  advance  of  many 
European  nations,  even  of  those  who  were  obviously  in 
our  rear,  was  at  a  greater  rate  than  our  own ;  and  if  it 
were  so,  as  I  believe  it  to  have  been,  it  does  not  require 
much  acumen  to  perceive  that  in  a  long  race  the  fastest- 
nfling  ships  will  win,  even  though  they  are  for  a  time 
behind.  The  Exhibition  will  have  produced  infinite  good, 
if  we  are  compelled  as  a  nation  to  acknowledge  this  truth. 
^  Soman  empire  fell  rapidly,  because,  nourishing  its 
Mtional  vanity,  it  refused  the  lessons  of  defeat,  and  con- 
«^ed  them  into  victories.  All  the  visitors,  both  foreign 
ttd  British,  were  agreed  upon  one  point,  that,  whichever 
night  be  the  first  of  the  exhibiting  nations,  regarding 
which  there  were  many  opinions,  that  certainly  our  great 
nval,  France,  was  the  second.  Let  us  hope  that  in  this 
there  is  no  historical  parallel.  After  the  battle  of  Salamis 
the  generals,  though  claiming  for  each  other  the  first  con- 
nderation  as  to  generalship,  unanimously  admitted  that 
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ITieiiiistocleH  deserved  the  second;  and  the  world,  t 
since,  as  Smith  remarks,  hns  accepted  this  as  a  proof  that 
Themistocles  was,  beyond  all  question,  the  first  general. 
.  Let  us  acknowledge  our  defeats  when  they  are  real,  and 
our  English  character  and  energy  will  make  them  victories 
on  another  occasion.     But  our  great  danger  is,  that,  in 
our  national  vanity,  we  should  exult  in  our  conquests,  for- 
getting our  defeats ;  though  I  have  much  confidence  that,-  ^m 
the  truthfulness  of  our  nation  will  save  us  from  this  peril.    ^M 
A  competition  in  Industry  must,  in  an  advanced  stage  oT     ' 
civiliKatioUj  be  a  competition  of  iptellect.     "The  influence 
of  capital  may  purchase  you  for  a  time  foreign  talent. 
Our  Manchester  calico-printers  may,  and  do,  keep  foreign 
designers  in  France  at  hberal  salaries.     Our  glass-works 
may,  and  do,  buy  foreign  science  to  aid  them  in  their 
management.     Our  potteries  may,  and  do,  use  foreignp^^ 
talent  both  in  management  and  design.     Our  silversmitlm^l 
and  diamond-setters  may,  and  do,  depend  much  upon 
foreign  talent  in  art  and  foreign  skill  in  execution  ;  but  is 
all  this  not  a  suicidal  policy,  which  must  have  a  termina- 
tion, not  for  the  individual  manufacturer,  who  wisely  buys 
the  talent  wherever  he  can   get   it,  but  for  the  nation, 
which,  careless  of  the  education  of  her  sons,  sends  our 
capital  abroad  as  a  premium  to  that  intellectual  progress 
which,  in  our  present  apathy,  is  our  greatest  danger  ? 

It  is  well  to  inquire,  in  what  we  are  so  deficient,  and 
what  is  the  reason  of  this  deficiency.  Assuredly  it  doea 
not  consist  in  I  he  absence  of  public  philanthropy  or  want 
of  private  zeal  for  education,  but  chiefly  rests  Ju  that  edu- 
cation being  utterly  unauited  to  the  wants  of  the  age.     la 
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the  tliirteenth  and  fourteenth  centuries  classical  learning 
ns,  after  its  revival,  highly  esteemed :  and  its  language 
Ixcame  the  common  medium  for  expression  in  all  nations. 
A  thorough  acquaintance  with  it  was  an  absolute  necessity 
toioy  one  with  pretensions  to  learning.   It  had  a  glorious 
litemture,  one  as  fresh  as  when  it  grew  on  the  rich  soils 
of  Borne  and  Greece.     Its  truths  were  eternal^  and  were 
neeived  by  us  in  their  traditional  mythology^  as  Bacon 
lieKitiiully  says^  like  **  the  breath  and  purer  spirit  of  the 
oriiest  knowledge  floating  to  us  in  tones  made  musical  by 
Gndan  flutes/'     And  why  was  that  bewitching  literature 
odJe  the  groundwork  of  our  educational  systems  ?    Does 
it  not  show  that  literature^  like  art^  may  have  a  standard 
ocdlence ;  and  that  we  are  content  to  imitate  where  we 
cuutot  surpass.     If  the  main  object  of  life  were  to  fabri- 
Qte  literati^  I  would  not  dispute  the  wisdom  of  making 
dnaics  the  groundwork  of  our  education.     They  are  not 
utterly  dead,  but,  like  the  dry  bones  of  the  valley,  they 
^  come  together,  and  have  breathed  into  them  the 
wth  of  life.     In  the  world  there  is  a  constant  system  of 
'feneration.     Theories  exist  for  a  time,  but  like  the 
plneQix,  are  destroyed,  and  rise  yet  more  glorious  from 
^  ashes.     Animals  die,  and  by  their  decay  pass  into 
^  atmosphere,  whence  vegetables    derive   their  nutri- 
BKDt,  and  thus  death  becomes  the  source  of  life.     But  in 
^  this  there  is  no  incongruity.     A  phoenix  does  not  from 
iti  ashes  produce  an  eagle,  but  a  phoenix  as  before.     The 
irj  bones  of  dead  Literature  may  vivify  into  new  forms  of 
literary  life.     Classical  Literature  and  exact  Science  are, 
i^ever,  wholly  antithetic.    If  classical  Literature  be  suffi- 
cient to  construct  your  spinning-jennies  and  bleach  your 
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strn^e  of  indiutiy,  is  it  wtK  tint  joa  sboald  derwwir 
poetry,  whDe  your  eocDpetiton  nt  t^Bt  wUcfa  forms  t^Zif 
muscles  and  gives  tigoor  to  the  sinews?      Willi  eii.«::t 
differeat  traiiiingv,  who  id  the  end  will  win   the  nc^c  ? 
Science  b&s  not,  like  Literature  aad  Art,  a  standard   vt 
excellence.     It  is  as  infinite  as  the  wisdom  of  God,  from 
whom  it  emanates.     All  ordinary  powers  decrease  as  you 
depart  from  the  centre ;  but  the  power  of  knowledge  aug- 
ments the  farther  it  is  removed  from  the  human  source 
from  which  it  was  transmitted.      God  has  given  to  nun 
much   mental  gratification  in  trying  to  understand  snd 
apply  to  human  uses  His  laws.     The  great  philosopher  of 
Scripture  has  said,  "  It  is  the  glory  of  God  to  concetl  i 
thing,  but  the  honour  of  kings  to  search  out  a  inattei 
The  poet-prophet  of  the  Bible  has  also  told  us,  that  fl 
"  turueth  wise  men  backward,  and  maketh  their  knowlfld 
foolish,"     And,  therefore,  as  surely  as  He  is  inSnite  ^ 
man   finite,  until   earth    passes  away,  you  will  hare  | 
human  standard  of  scientific  knowledge.     As  this  i 
bow  can  we  as  a  nation  expect  to  carry  on  those  b 
tures  hy  our  sons  of  Industry,  when  we  do  not  teach  t 
the  nature  of  the  principles  involved  in  their  succcssfiil 
prosecution  ?  Solace  ourselves  as  we  will  with  vain  thoughts 
of  our  gigantic  position  among  nations— Greece  was  higher 
than  we  are,  and  where  is  she  now  ?     It  does  not  require 
a  lofty  stature  to  see  the  farthest;  for  a  dwarf  on  the 
shoulders  of  a  giant  sees  farther  than  the  giant, — not  that 
be  is  less  a  dwarf,  but  that  he  has  added  the  giant's  lieight 
to  his  own.    The  £xbibition  showed  us  many  small  States 
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^hich  had   thus  raised  themselves  on  the  shoulders  of 

Science  within  the  last  few  years,  while  we  are  merely 

holering  about  its  sldrts.   Let  us  take  care  that  our  excess 

of  pride  in  the  so-termed  ''practical''  power  of  our  popu- 

litioa  may  not  be  punished  as  Arachne  was  of  old. 

Aradme  was  wonderfnUy  skilled  in  needle-work,  but  pre- 

somptoously  challenged  Minerva  to  a  trial  of  skiU.    What 

dtance  was  there  in  such  an  unequal  contest  ?     Minerva 

vnited  Science  to  her  handicraft  skill,  and  this  combination 

inmred  success.    Arachne  was  justly  cast  from  her  proud 

pontion  among  mortals  by  being  changed  into  a  spider, 

everipinning  the  same  web  in  the  same  way, — the  same 

far  wintry  blasts  as  for  gentle  summer  zephyrs. 

''Tou  have  excelled  all  other  people  in  the  products  of 

Initutiy.    But  why  ?  Because  you  have  assisted  Industry 

i^  Science.    Do  not  regard  as  indifferent  what  is  your 

te  tnd  greatest  glory.   Except  in  these  respects,  in  what 

we  you  superior  to  Athens  and  Rome  ?    Do  you  carry 

^  from  them  the  palm  in  literature  and  the  fine  arts  ? 

I)o  you  not  rather  glory,  and  justly  too,  in  being,  in  these 

R^Mcts,  their  imitators  ?     Is  it  not  demonstrated  by  the 

Mturc  of  your  system  of  public  education  and  by  your 

popoltf  amusements  ?     In  what,  then,  are  you  their  supe- 

msf    In  everything  connected  with  physical  Science; 

^  the  experimental  arts.   These  are  your  characteristics. 

I)o  not  neglect  them.     You  have  a  Newton,  who  is  the 

S^wy,  not  only  of  your  own  country,  but  of  the  human 

noe.    You  have  a  Bacon,  whose  precepts  may  still  be 

ittended  to  with  advantage.     Shall  Englishmen  slumber 

D  that  path  which  these  great  men  have  opened,  and  be 

Ofcrtaken  by  their  neighbours?     Say^  rather,  that  all 


•CVaBOBKlCAL  7KINCtn.CS  ISTOLTED 

:  «k>Il  ht  giwn  to  tbdr  cfibcti ;  that  Ukt  4 
,  mod  sappoited." — (DaviJ 
-Mti  Ik'  v^bbhsm  oT  ynuth  mre  toirsrds  Science, « 
^■^  -&K   A^Km^a^  vn   tAtacmXiao,  bat  we  qacndl 
fiiV'^MK  ^^Mr  i>c  ^neenn^  drenches  of  Gcliiolastic  1< 
k  -**  Jtai^Mp  iff  "XaduB,"  "  Yoa  fed  bo  keoJ;^ 
tflljkk  tf  «Kr^  kmnABde^ !     Yoa  fona  strange  d 
tliaaa^  widi  Ar  mere  nunes  of  mountaios,  and  I 
vrf  Mi^Baaik  m^  aw^ty  m-crs ;  you  leara  the  wif 
^  l^aatt  wit'OiBHaid  their  narrow  limits,  and  sit 
-^  «t  tt  ^m^i  mm  ««  tlic  electric  cylinder  till  it  ji 
«i^  tK  T'W'  ^  ^  I^  vitli,  that  subtle  fire  in  « 
mm  mm^  «■>  t^iA.    Tan  know  of  the  nations  tbit  1 
^VMi^jk  ^  tk  WtM,  and  the  lives  of  men  nba  I 
«Ml«^ab'«HfM»ft««  obUtion.     Vhat  more  trill 
^■it^Mii*    Tw  A*  SmutiAangt  is  ordained,  and  tbOj 
t  (dw  nine  for  everj'body)  with  snuU 
mi  fmAt»^1kfx^,  is  thrown,  like  a  puqier'i 
r  dl  JMT  — sW  lore ;  instead  of  sweet  knovlaf 
[  ^rmnmiars  and  gradui 
id  horrible  odds  and  ends  of  dea 
■  (or  your  portion,  and  down  ] 
t  stocy  to  1  three-inch  scrap  of ' 
— ttvBu  GtccIl  poetry,  down,  down,  to  the  o 
I  irf  '  Purt*  Grttci,'  cut  up  by  commentatore  and 
iWO<^  out  by  t>cliool masters."     Is  thi::  horrible  quenchinE 
uf  »U  v«ur  youthful  iniintc  love  of  God's  truth  the  edaO' 
lUMk  for  the  youth  of  a  nation  dejiending  for  its  conntr^' 
fi»^n-&s  on  their  developement  ?  i  How  is  it  j 
l:  4l'4u1  Liuratujiu  «in  be  the  parent  w  living  Science  1 
^i|rtiv«  Industry  ?\ 
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I  need  not  explain  myself  as  meaning  that  our  youth- 
iol  aspirations  point  to  science  as  a  fit  means  for  developing 
our  intellectual  capacities,  and  that  boyhood  is  scarcely  the 
time  raddy  to  excise  all  our  longings  -for  an  acquaintance 
with  the  wisdom  of  creation,  or  to  cramp  and  torture  the 
mind  by  the  acquisition  of  dead  languages  to  the  exclusion 
of  all  other  knowledge.   In  quoting  the  beautiful  language 
of  "Eothen/'  I  intend  only  to  express  the  violence  done 
to  onr  natural  instincts,  and  not  to  question  the  excellence 
of  the  means  employed  in  teaching  classics.     It  would  ill 
httome  me,  or  any  one,  to  speak  disparagingly  of  the 
^  wisdom  to  be  derived  from  a  study  of  ancient  authors,  or 
to  deny  the  immense  importance  of  a  knowledge  of  classical 
Kterature  to  education  generally ;  nor  would  I  like  to  see 
that  education  confined  to  stern  realities,  divested  of  the 
paces  and  poetry  of  polite  literature.     But  I  do,  at  the 
ttme  time,  vehemently  protest  against  the  exhaustion  of 
*I1  our  youthful  years  by  a  mere  classical  tuition,  espe- 
cially in  the  case  of  that  large  class  of  the  community  who, 
hy  their  exertions  in  industry,  have  confided  to  them,  in  a 
peat  degree,  the  prosperity  of  their  country.   As  I  do  not 
think  the  teaching  of  classical  literature  as  practised  in 
ow  schools  to  be  worthy  of  the  name  of  education,  neither 
4)  I  apply  that  title  to  the  communication  of  scientific 
bowledge  alone, — and  you   will   observe  that   I   have 
•Iways  spoken  of  it  by  the  term  "instruction." — I  am 
propounding  no  scheme  of  education,  but  strongly  insist- 
ing that  instruction  in  science  should  form  an  important 
pirt  of  the  education  of  our  youth. 

Do  not  conceal  from  yourselves  that  this  is  the  vital 
difficulty  of  the  question.    You  may,  and  I  hope  will,  soon 
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raise  an  Industrial  University;  but  this  should  have  it* 
pupils  ready  trained  before  it  adopts  them.  Now,  it  mas: 
from  itself  act  downnards,  instead  of  working  from  the 
schools  upwards.  )  Until  our  achoola  accept  as  a  hving  fiili 
that  a  study  of  God's  works  is  more  fitted  to  increase  ihe 
resources  of  the  nation  than  a  study  of  the  amours  of 
Jupiter  or  of  Venus,  our  Industrial  Colleges  will  maie  m 
material  headway  against  those  of  the  Continent.  In  i'aris 
we  find  a  Central  College  of  Arts  and  Manufactures,  inlo 
which  the  studenta  enter  at  an  average  age  of  niticKeu 
years,  already  well  trained  in  the  elements  of  Scituw, 
and  going  there  to  be  taught  how  to  use  these  elcmenl^ 
for  industrial  application.  Three  hundred  of  the  bisi 
youth  of  France  are  annually  receiving  at  this  College  tin' 
most  elaborate  education,  and  the  beat  proof  of  its  prac- 
tical value  is  the  great  demand  among  manufacturers  fi'^ 
its  pupils,  a  diploma  from  it  being  equivalent  to  assureJ 
success  in  life.  Can  you  wonder  at  the  progress  mBkinji 
by  France  in  industry,  when  she  pours  every  year  aa  liriii- 
dred  and  fifty  of  these  highly  educated  manufacturers  m' 
her  provinces  ?  A  similar  education  to  this  is  goini,'  "■ 
in  almost  all  parts  of  Europe;  but  in  England  only'-' 
such  institution  exists.  We  have  our  University  and  Kin:  ■ 
College,  it  is  true,  and  they  are  productive  of  much  gfi"'*  ^ 
and  similar  Colleges  exist  In  Scotland  and  Irclaud;  1"'' 
their  inslmction  in  Science  terminates  just  where  w 
Industrial  Colleges  of  the  Continent  begin.  In  fael,  '^"^ 
latter  would  be  supplementary  and  a  great  support  to  tbo 
former.  Government,  acting  on  its  own  perception  of  righ', 
in  its  first  national  recogaition  of  these  truths,  now  happilj 
dawning  on  England,  has  established  a  School  of  Mines ; 


and  the  experience  of  tbie  has  shown  that  it  is  much  ap- 
preciated, although  it  labours  under  the  disadvantage  of 
the  want  of  a  preliminary  education  in  its  pupils,  com- 
pelling its  professors,  in  its  commencement,  to  be  more 
elementary  in  their  instruction  than  is  well  compatible 
with  the  proper  objects  of  such  a  school.  Now,  while  I 
urge  the  impolicy  ofa  mere  classical  instruction  to  the  youth 
of  this  country  with  all  the  expression  which  I  can  give 
to  a  matured  conviction,  do  not  suppose  .that  I  would  wish 
to  put  all  our  youth  in  one  Procrustean  bed.  I  again 
allege,  that  it  is  the  present  system  which  follows  this 
nngular  love  of  uniformity,  and  clips  or  extends  the  di- 
mension of  each  youth  to  one  common  standard.  It  is 
against  this  very  confitied  syeteui  that  I  protest.  I  think 
the  glorious  wisdom  displayed  in  creation,  even  in  the 
limited  extent  to  which  we  are  permitted  to  behold  it, 
forme  no  unapt  means  of  leading  man  to  a  worship  of  its 
Creator ;  and,  sympathizing  as  I  do  to  the  utmost  in  our 
educational  endeavours  to  unite  and  not  to  dissever  the 
Bcqnirement  of  knowledge  from  that  of  religion, — a  union 
nbich,  I  think,  is  at  once  the  glory,  the  pride,  and  the 
peace  of  England, — I  cannot  perceive  how  the  mere  teach- 
ing of  profane  literature  can  tend  to  this  end  in  any  degree 
ao  mnch  as  the  reverential  teaching  of  God's  wisdom  dia- 
played  in  His  works,  especially  when  every  step  in  advance 
of  tbis  knowledge  produces  a  social  amelioration  of  the 
baman  race.  Bnt,  while  I  would  regret  to  see  our  Colleges 
retrograde  one  step  in  the  teaching  of  classical  Literature, 
it  is  truly  lamentable  that  Oxford  and  Cambridge  so  little 
encourage  the  Sciences ;  for,  until  the  CoUcgea  throw  open 
their  widest  portals  to  these,  the  schools  in  the  country. 


^^L  encoarag 
^^1  their  wid 
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deriving  their  life  from  them,  will  do  little  to  reform  the 
present  vices  of  a  limited  and  exclusive  education. 

In  this  country  we  are,  in  many  respects,  remarkably 
im changeable.  Three  professions,  the  Church,  the  Law, 
and  Medicine,  were  supposed,  some  centuries  since,  to 
represent  learning,  and,  with  a  wonderful  blindness,  they 
are  still  accepted  as  all-sufBcient.  Industry,  to  which  this 
country  owes  her  success  among  nations,  has  never  been 
raised  to  the  rank  of  a  profession.  For  her  sons  there  are 
no  honours,  no  recognised  or  social  position.  Her  native 
dignity,  if  tacitly  understood,  has  never  formally  been 
acknowledged.  Science,  which  has  raised  her  to  this 
eminence,  is  equally  unrecognised  in  position  or  honours, 
and,  from  her  very  nature,  cannot  attain  the  wealth  which 
in  Industry  solaces  the  absence  of  social  position.  This 
restriction  of  learned  honours  to  three  recognised  profes- 
sions has  a  lamentable  effect  both  on  the  progress  of 
Science  and  of  Industry.  Its  consequence  is,  that  each 
profession  becomes  glutted  with  ambitious  aspirants,  who, 
finding  a  greater  supply  than  demand,  sink  into  subordi- 
nate positions,  becoming  soured  and  disappointed,  and 
therefore  dangerous  to  the  community.  Raise  Industry 
to  the  rank  of  a  profession, — as  it  is  in  other  countries, — 
give  to  your  Industrial  Universities  the  pi»wer  of  granting 
degrees  involving  high  social  recognition  to  those  who 
attain  them,  and  you  will  draw  off  the  excess  of  those 
talented  men,  to  whom  the  Church,  the  Bar,  and  Medicine, 
offer  only  a  slender  chance  of  attaining  eminence;  and  by 
infusing  such  talent  into  Industry,  depend  upon  it,  the 
effects  will  soon  become  apparent.  In  foreign  countries, 
professions  involving  social  rank  and  position  arise  with 
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their  requirements  j  in  our  Nation,  we  are  content  with  a 

P"""gre  classification,  scarcely  siiffinieut  for  the  middle  ages, 
not  even  a  reflection  of  our  present  wants.  Tliesc 
iiderations  are  not  mean  ones,  for,  as  long  as  ambition 
ts  in  the  human  mind,  their  good  or  bad  adjustment 
exercise  a  benefieJal  or  pernicious  influence  on  society. 
In  the  establishment  of  institutions  for  iudustrial  lu- 
Btrnction,  you,  at  the  same  time,  create  the  wanting  means 
for  the  advancement  of  Science  iu  this  country.  I  have 
alluded  in  this  Tiecture,  and  have  shown  in  another,  that 
the  progress  of  Science  and  of  Industry  in  countries  which 
have^reacfied  a  certain  ^tageof  civilization  ought  actually 

Kbe  synonymous  expressions ;  and  hence  it  follows  that 
8  essentially  the  policy  of  a  Nation  to  promote  the  one 
ich  forms  the  springs  for  the  action  of  the  other.  I 
tEiink  it,  therefore,  no  mean  advantage  to  this  nation,  that 
the  establishment  of  Industrial  Colleges  will  materially  aid 
the  progress  of  Science  by  creating  positions  for  its  pro- 
fessors and  for  those  who  would  willingly  cultivate  Science, 
but  are  scared  from  It  by  the  difiiculties  they  have  to 
wunter  in  its  prosecution.  The  great  Davy  says, — 
Icience,  for  its  progression,  requires  patronage  ;  but  it 
tst  be  a  patronage  bestowed,  a  patronage  received  with 
;nity.  It  must  be  preserved  independent.  It  can  bear 
I  fetters;  not  even  fetters  of  gold;  and,  least  of  all, 
B  fetters  in  which  ignorance  or  selfishness  may  attempt 
^■hackle  it.  And  there  is  no  country  which  ought  so 
uh  to  glory  in  its  progress,  which  is  so  much  interested 
B  its  success,  as  this  happy  island.  Science  has  been  a 
prime  cause  of  creating  for  us  the  inc.<chaufitible  wealth  of 
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manufactures;  and  it  is  by  Science  that  it  must  be 
served  and  extended.  We  are  interested  as  a  comnicrciRl 
people — we  are  interested  as  a  free  people.  Tbe  age  of 
glory  of  a  nation  is  likewise  tbe  age  of  its  security.  The 
same  dignified  feeling  whicb  urges  men  to  gain  a  domi- 
nion over  nature  will  preserve  them  from  the  dominion  of 
slavery.  Natural,  and  moral,  and  religious  knowledge  are 
of  one  family,  and  happy  is  the  countiy  and  great  its 
strength  where  they  dwell  together  in  union."  Let  me 
quote,  also,  from  the  immortal  Bacon  on  this  point,  bini- 
self  the  prince  of  philosopbers,  and  who,  as  lord  chancellor, 
when  he  wrote  could  not  be  actuated  by  personal  ambition, 
—"And  aa  founders  of  Colleges  plant  and  founders  of 
Lectures  water,  we  must  next  note  a  defect  in  public  lec- 
tures, whether  in  arts  or  professions,  viz,  the  smallncss  of 
the  salary  generally  assigned  them,  for  it  is  necessary  to 
the  progress  of  tbe  Sciences  that  lecturers  be  of  the  ablest 
kind,  as  men  intended  for  propagating  the  Sciences  in 
future  ages,  and  uot  for  transitory  use.  And  this  cannot 
be,  unless  the  profits  content  tbe  most  eminent  in  every 
art  to  appropriate  their  lives  and  labours  to  this  aole  pur- 
pose, who  must,  tbei-efore,  have  a  competency  allowed  to 
them  proportionable  to  what  might  be  expected  from  the 
practice  of  a  profession.  For,  to  make  tbe  Sciences  flou- 
rish, David's  military  law  should  be  observed — '  that  those 
who  stay  with  the  stores  have  equal  with  those  who  are  in 
tbe  action,'  or  otherwise  the  stores  will  be  ill  attended";"  so 
lecturers  in  the  Sciences,  as  being  the  guardians  of  the 
stores  and  proviaiona,  whence  men  in  active  life  are  fur- 
nished, ought  t()  abare  equal  advantages  with  them;  for. 
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their  requirements ;  in  our  Nation^  we  are  content  with  a 

meagre  classification^  scarcely  sufScient  for  the  middle  ages^ 

ind  not  eren  a  reflection  of  our  present  wants.    These 

comidenitions  are  not  mean  ones,  for,  as  long  as  ambition 

aiiU  in  the  homan  mind,  their  good  or  bad  adjustment 

win  oercise  a  beneficial  or  pernicious  influence  on  society. 

In  the  establishment  of  institutions  for  industrial  in- 

tection,  you,  at  the  same  time,  create  the  wanting  means 

(or  the  adrancement  of  Science  in  this  country.     I  have 

dnded  in  this  Lecture,  and  have  shown  in  another,  that 

the  progress  of  Science  and  of  Industry  in  countries  which 

a  certain  stage  of  civilization  ought  actually 


to  be  synonymous  expri^ions:  and  hence  it  follows  that 
itiieiientially  the  policy  of  a  Nation  to  promote  the  one 
vlueh  forms  the  springs  for  the  action  of  the  other.  I 
tUnk  it,  therefore,  no  mean  advantage  to  this  nation,  that 
^  eitablishment  of  Industrial  Colleges  will  materially  aid 
Ae  progress  of  Science  by  creating  positions  for  its  pro- 
foKn  and  for  those  who  would  willingly  cultivate  Science, 
hit  ire  scared  from  it  by  the  diflBculties  they  have  to 
tteoonter  in  its  prosecution.  The  great  Davy  says, — 
''Scienoe,  for  its  progression,  requires  patronage ;  but  it 
inut  be  a  patronage  bestowed,  a  patronage  received  with 
'fDity.  It  must  be  preserved  independent.  It  can  bear 
^  fetters ;  not  even  fetters  of  gold ;  and,  least  of  all, 
tvee  fetters  in  which  ignorance  or  selfishness  may  attempt 
toihackle  it.  And  there  is  no  country  which  ought  so 
^oeh  to  ^ory  in  its  progress,  which  is  so  much  interested 
^  its  sncoess,  as  this  happy  island.  Science  has  been  a 
fiime  cause  of  creating  for  us  the  inexhaustible  wealth  of 
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truth  to  our  darkening  industry  1  Do  not  dre&m  of  that 
Exhibition  as  a  thing  of  the  past,  rather  think  of  it  as  a 

glorious  emblem  of  the  future.  When  Neptune  and 
Minerva  disputed  as  to  who  should  name  the  capital  of 
Cecropia,  the  gods  resolved  that  the  right  should  be  given 
to  the  one  who  granted  to  man  the  greatest  benefit.  Nep- 
tune struck  with  his  trident  the  earth,  from  whence  sprung 
a  war-horse ;  while  Minerva  produced  an  olive-tree.  Eng- 
land, though  sharing  with  Neptune  the  empire  of  the  sea, 
ratified  the  decision  of  the  gods  by  rearing  the  emblem  of 
peace.  The  Exhibition  has  been  an  olive-tree,  the  branches 
of  which  have  now  been  spread  among  all  nations,  and 
success  for  the  future  will  depend  upon  the  care  and  wis- 
dom with  which  they  are  tended,  so  as  to  grow  into  goodly 
trees.  Do  not  let  us,  by  severing  Industry  from  Science. 
like  a  tree  from  its  roots,  have  the  unhappiness  of  seeing 
our  goodly  stem  wither  and  perish  by  a  premature  decay ; 
hut  as  the  tree  itself  stretches  out  its  anns  to  heaven  to 
pray  for  food,  let  us,  in  all  humility,  ask  God  also  to  give 
us  t^hat  knowledge  of  His  works  which  will  enable  us  to 
use  them  in  promoting  the  comfort  and  happiness  of  His 

.  crtotures.     Our  duties  in  this  respect  arc  clearly  indicated 

'  in  the  motto  of  our  Catalogue : — 

"  HuHANi  Genems  PHooaassus 

Ex  CoHHttNt  OHMm  LUORE  Ohtds, 

UNniacrjtts*)™  Indl'stble  Debet  Esse  Fibib: 

Hoc  AujUVJiNIIO. 

Dii  OiT:  Mai:  Vc>Luin*rKB  ExsBqeijccn." 
Januan/  7lh,  1852. 


LECTURE  VI. 


ON 


SUBSTANCES  USED  AS  FOOD,  ILLUSTRATED 
BY  THE  GREAT  EXHIBITION. 


BY 


JOHN  LINDLEY,  Ph.D.,  F.R.S. 

ntonssoR  of  botany  in  univxrsitt  college,  London. 


8 


JOHN  LINDLEY,  Ph.D.,  F.R.S. 


PBSTANCES  USED  AS  FOOD.  ILLUSTRATED  BY 
THE  GREAT  EXHIBITION. 


I^Batixo  been  requested  to  bring  before  the  Society  of 
I'Arts  some  of  tbose  general  results  to  which  the  late  Great 
r&lubition  of  all  Nations  has  led,  so  far  as  alimentary 
I  (ubBtances  are  coDcemed,  1  have  found  myself  In  this 
—that  between  seven  thousand  and  eight  thon- 
bjects  having  come  under  the  cognizance  of  the  Jury 
inted  to  consider  such  matters,  it  is  impossible  that 
a^thing  which   I  can  have  to  say  should  be  otherwise 
than  either  an  exceedingly  brief  catalogue  of  such  produc- 
tions, or  else  a  selection  of  some  of  the  main  points  which 
would  appear  to  be  most  deserving  of  notice. 

But  it  is  clear  that  among  bo  large  a  mass  of  materials 
there  must  be  a  great  deal  that  is  familiar  to  ua  all,  and 
that,  in  fact,  it  is  desirable  on  this  occasion  that  my 
remarks  should  be  limited  to  some  of  the  more  unusual 
mibjecta  exhibited;  because  food  does  not  stand  in  the 
mmt  relation  to  ua  as  other  branches  of  knowledge,  inaa- 
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much  as  all  are  obliged  to  make  themselves  very  muiJt 
acquainted  with  what  we  do  or  can  exist  upon. 

Allow  me,  therefore,  without  further  preface,  to  pro* 
ceed  at  once, — dismissing  all  such  questions  as  those  d' 
sea-slugs,  and  birds'-ncsts,  and  other  curioiis  matters, 
which,  whatever  may  be  their  value,  belong  to  countries 
BO  far  removed  from  us  that  we  cannot  feel  their  import- 
ance— to  point  out  in  what  cases  it  has  been  found  that 
this  Exhibition  has  brought  us  acquainted  with  new  pre- 
parations or  with  new  sources  of  supply,  new  countries, 
from  which  different  kinds  of  food  well  known  in  Iheir 
ordinary  states  can  he  obtained,  or  such  manifest  improve- 
ments in  alimentary  substances  as  merit  especial  notice. 

If  we  take  the  subject  of  Wheat,  which,  perhapi^,' 
will  be  regarded  by  many  as  paramount  to  all  others,  I 
think  it  will  appear  that  there  are  some  eircumstanees 
connected  with  this  Exhibition  which  particularly  deserve 
to  be  brought  under  public  consideration,  and  especially 
one  wliicb,  although  the  cornfactors  in  T^Iark  Lane  are 
familiar  with  it,  is  by  no  means  a  matter  of  universal 
notoriety — the  high  character  and  excellence  of  the  wheat 
that  comes  to  us  from  our  South  Australian  colonies. 
There  is  now  btfore  us  a  sample  of  wheat  from  Adelaide, 
for  which  we  are  indebted  to  the  kindness  of  Messrs. 
Heath  and  Burrows,  which  is,  probably,  the  most  beauti- 
ful specimen  of  corn  that  has  ever  been  brought  to  market 
in  any  country.  It  is  a  white  wheat,  in  which  every  groin 
appears  to  be  like  every  other  grain — plump,  clear-skin- 
ned, dry,  and  heavy,  weighing,  what  may  seem  incredible 
to  those  who   are  only   accustomed  to  common  wheat. 


1 


ILLU8TRATBD  BT  THE  GREAT  EXHIBITION.         213 

seventy  pomicb  a  bashd.     And  it  appears  that  Adelaide 
i&  capable  of  yielding  vast  quantities  of  com  of  this  de- 
«cription,  which  takes  the  lead  in  the  markets  of  this 
country  o?er  all  other  white  wheats. 

It  is  very  true  that  from  Spain  there  has  come  a  simi- 
Ur  land  of  wheat,  of  great  excellence  also^  as  is  seen  by 
this  beautiful  sample  from  Castile,  from  the  mayor  of 
Hedint  del  Campo,  the  weight  of  which  is  unknown,  and 
not  easy  to  estimate^  because  it  is  not  a  clean  sample. 
This  is  certainly  of  great  excellence  also ;  but^  independ- 
ently of  its  being  the  produce  of  a  foreign  country^  it  is 
ilmost  inaccessible  to  us,  and,  therefore^  a  matter  of 
curiosity  more  than  of  practical  value,  because,  owing  to 
the  difficulty  of  transport^  it  cannot  at  present  come  into 
the  markets  of  this  kingdom.  If  it  could^  considering 
that  it  sells  in  Old  Castile  at  twenty-four  shillings  a  quar- 
to, it  is  not  easy  to  say  what  might  be  the  effect  upon 
the  English  market  of  the  introduction  of  any  large  quan- 
tity of  it.  We  find,  moreover,  that  similar  quantities  of 
vheat^  growing  in  the  same  rich  country  of  Spain^  are 
▼e&dible  at  much  lower  rates. 

I  have  already  said,  that  among  the  wheats  produced 
^  the  Exhibition,  that  from  our  South  Australian  colo- 
^  is  the  best — that  it  is  much  the  best.  And  here  let 
^  make  a  remark  on  that  subject.  It  has  been  sup- 
plied that  all  we  have  to  do  in  this  country,  in  order  to 
<4)tain  on  our  English  farms  wheat  of  the  same  quality  as 
this  magnificent  Australian  corn,  is  to  procure  the  seed 
•od  sow  it  here.  There  cannot  be  a  greater  mistake. 
'Okt  wheat  of  Australia  is  no  peculiar  kind  of  wheat ;  it 
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has  no  peculiar  constitutional  characteristicB  by  which  it 
may  be  in  any  way  distinguished  from  wheat  cultivated  in 
thia  country;  it  is  not  essentially  different  from  the  line 
wheat  which  Prince  Albert  sent  to  the  Exhibition,  or  from 
others  which  we  grow  or  sell.  Its  quality  is  on-ing  to 
local  conditions,  that  is  to  say,  to  the  peculiar  tempera- 
ture, the  brilliant  light,  the  soil,  and  those  other  circum- 
Btances  which  characterise  the  climate  of  South  Australia, 
in  which  it  is  produced;  and,  therefore,  there  would  be  no 
advantage  gained  by  inti-odncing  this  wheat  for  the  pur- 
pose of  sowing  it  here.  Its  value  con!>ists  in  what  it  is 
in  South  Australia,  not  in  what  it  would  become  in  Eng- 
land. In  reality,  the  experiment  of  growing  such  com 
has  been  tried.  I  myself  obtained  it  nome  yoara  since  for 
the  purpose  of  experiment,  and  the  result  was  a  very 
inferior  description  of  corn,  by  no  means  so  good  as  the 
kinds  generally  cultivated  with  us.  And  Messrs.  Heath 
and  Burrows,  in  a  letter  which  I  have  received  from  them 
this  morning,  make  the  same  remark.  They  say,  "  For 
seed  purposes  it  has  been  found  not  at  all  to  answer  in 
England,  the  crop  therefrom  being  ugly,  coarse,  and 
bearded."  The  truth  is,  as  was  just  observed,  the  pecu- 
liarities of  South  Australian  wheat  are  not  constitutional, 
but  are  derived  from  climate  and  soil.  It  appears,  there- 
fore, that  wheat  may  be  affected  by  climate,  independently 
of  its  constitutional  peculiarities:  hut  it  does  not  follow 
that  wheat  is  not  subject  to  constitutional  peculiarities 
like  other  plants.  There  are  some  kinds  of  wheat  which, 
do  what  you  may  with  them,  will  retain  a  certain  qualttr 
varying  but  slightly  with  the  circumstances  < 
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they  are  produced;  as,  for  example,  is  proved  by  some 

Bsmpkig  here,  especially  of  Kevitt  wheat,  of  a  very  fine 

descriptioii,  exhibited  in  the  building  by  Mr.  Payne,  and 

whieh  is  greatly  superior  to  the  ordinary  kinds  of  Revitt 

that  appear  at  market.     This  clearly  shows  that  Bevitt 

wheat  of  a  certain  kind  and  quality  is  better  than  Bevitt 

wheat  ot  a  different  kind,  both  being  produced  in  this 

ecmntry;  so  that,  circumstances  being  equal,  we  have  a 

different  result,  owing  to  some  constitutional  peculiarity  of 

nee.  To  other  examples  ofthe  kind  I  cannot  at  present  refer, 

because  time  will  not  permit  me  to  dwell  upon  such  points. 

Bat  this  leads  to  a  question  which  I  think  of  the 

hi^est  interest,  and  one  which  has  been  more  distinctly 

brought  out  in  the  Exhibition  that  has  just  closed  than  it 

bas  ever  been  before.     We  all  know  the  effect  of  hy- 

BiiDisiNO,  or  crossing  the  races  of  animals ;  and  we  also 

know  that,  within  certain  limits,  this  may  be  done  in  the 

vegetable  kingdom.     We  are  all  aware  that  our  gardeners 

iR  skilful  in  preparing  by  such  means  those   different 

mieties  of  beautiful  flowers  and  admirable  fruits  which 

^Te  become  common  in  all  the  more  civilized  parts  of 

luope ;  but  no  one  has  paid  much  attention  to  the  point 

tt  i^ards  cereal  crops.     Yet  it  is  to  be  supposed,  that  if 

you  can   double   the   size  of  a  turnip,   or  if  you   can 

^Ue  the  size  of  a  rose,  or  produce  a  hardy  race  of 

viy  kind  from  one  that  is  tender,  or  the  reverse,  in  the 

(^  of  ordinary  plants,  you  should  be  able  to  produce  the 

>UDe  effect  when  operating  on  cereal  crops.     It  so  hap- 

P^Qft,  however,  that  the  experiment  has  not  been  tried 

^^t  on  the  most  limited  scale,  and  to  what  extent  it 
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may  be  carried  haa  been  more  brought  out  in  this  Exhibi- 
tion than  it  ever  was  before.  In  the  last  treatise  on  this 
subject  by  Dr.  Gasrtuer,  a  German  writer,  who  haa  coi- 
lected  all  the  inforraatiou  it  was  possible  to  procure  relat- 
ing to  the  production  of  hybrids  in  the  vegetable  kingdom, 
the  author  declares  that,  as  to  experiments  on  cereal 
plants,  they  can  hardly  be  said  to  have  had  any  existence. 
The  Exhibition  has,  nevertheless,  shoftii  us  that  they 
have  been  made,  and  some  examples  will  tell  with  what 
result.  I  have  no  verj'  good  means  here  of  explaining 
such  experiments,  hut  I  must  advert  to  them,  because 
they  prove  distinctly  that  you  may  operate  upon  the  con- 
stitutional peculiarities  of  wheat,  juat  as  you  may  upon 
those  peculiarities  in  any  other  pluut.  For  instance,  Mr. 
Raynbird,  of  Laverstoke,  who  obtained  in  1848  a  gold 
medal  from  the  Highland  Society  for  experiments  of  the 
kind,  sent  to  the  Exhibition  this  box,  whicli  contains  a 
bnneh  of  Hopetown  wheat,  a  white  variety,  and  a  bunch 
of  Piper's  Thickset  wheat,  wliich  ia  red.  The  latter  is 
coarse,  and  short  strawed,  and  liable  to  mildew,  but  very 
productive.  Mr.  Raynbird  desired  to  know  what  would 
be  the  result  of  crossing  it  with  the  Hopetown  wheat,  and 
the  result  is  now  befoie  us  in  the  form  of  four  hybrids, 
obtained  from  those  varieties.  If  you  will  take  the  trouble 
to  examine  them,  you  will  see  that  beyond  all  doubt  the 
new  races  thus  obtained  are  intermediate  between  the  two 
parents — the  ears  are  shorter  than  in  the  Hopetown,  and 
longer  than  in  the  Thickset  wheat;  in  short,  there  is  an 
intCTinediate  condition  plainly  perceptible  in  them  through- 
out.    And  it  appears  from  the  statement  of  Mr.  Raynbird 
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tbt  these  hybrid  wheats^  wliich  are  now  cultivated  in  this 
coontiy^  haye  saoceeded  to  a  satisfactory  extent,  yielding 
txtj  boshels  an  acre.  But  in  this  instance^  as  in  some 
(then  which  I  am  about  to  mention,  I  do  not  at  all 
itticli  importance  to  that  circumstance.  The  essential 
put  of  the  question  is  not  the  number  of  bushels  pro- 
Ived  per  acre,  but  to  show  that  you  may  affect  the 
^ty  of  cereal  crops  as  you  may  affect  animals  and  other 
]>lint8.  Mr.  Maund,  a  very  intelligent  gentleman  resid- 
iogat  Bromsgrove,  in  Warwickshire,  has  done  much  more 
tkn  Mr.  Raynbird,  for  he  has  obtained  a  greater  variety 
rfRsoIts,  which  he  exhibits  this  evening.  Mr.  Maund 
^  been  occupied  for  some  years  past  in  the  endeavour  to 
iicertain  whether  something  like  an  important  result  can- 
Dot  be  produced  upon  wheat  by  muling,  and  he  exhibited 
4c  specimens  before  us  in  evidence  of  what  may  be  done. 
Yoa  will  observe  that  sometimes  his  hybrids  are  appa- 
Wly  very  good,  and  sometimes  M^orse  than  the  parents, 
•»  we  know  is  always  the  case.  When  you  hybridize  one 
plant  with  another,  you  cannot  ascertain  beforehand  with 
ttrtainty  what  the  exact  result  will  be  :  but  you  take  the 
Atticc  of  it,  knowing  very  well  that  out  of  a  number  of 
pittits  thus  obtained  some  will  be  of  an  improved  quality. 
If  you  examine  this  glass  case  you  will  at  once  see  the 
'^ts  obtained  by  Mr.  Maund.  In  each  instance  the 
•>le  parent  is  on  the  left  hand,  the  female  on  the  right, 
*Mi  the  third  specimen  shows  the  result  of  combining  the 
^0  kinds ;  a  better  illustration  could  not  be  desired. 
Hoc  is  a  hybrid  considerably  larger  than  the  parents,  and 
^  the  next  instance  one  considerably  shorter  and  stouter. 
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In  another  example  you  see  a  very  coarBc  variety  gained 
between  two  apparently  fine  varieties ;  that  is,  perhaps,  a 
case  of  deterioration.  In  another  instance  you  have  a 
vigorous  wheat  on  the  left,  and  a  feeble  one  on  the  right, 
while  one,  much  more  vigorous  than  either,  is  the  result. 
On  the  other  hand  we  have  some  anomalous  eases,  in 
which  the  effect  of  hybridizing  has  been  to  impair  quality. 
Now,  I  think  this  is  a  very  important  case,  well  made  out, 
because  the  moment  you  show  that  by  mixing  corn,  as  you 
mis  other  things,  you  obtain  corresponding  results,  there 
is  no  reason  to  doubt  that  an  ingenious  person,  occupying 
himself  with  such  matters,  will  arrive  at  the  same  improve- 
ments in  regard  to  varieties  of  corn  as  have  already  been 
obtained  in  the  animal  kingdom,  and  in  those  parts  of  the 
vegetable  kingdom  which  have  been  so  dealt  with. 

Wheat  has  been  taken  first,  because  it  is  the  most 
important  of  all  articles  of  food ;  and  I  should  have  been 
able,  had  it  been  possible,  to  have  spent  the  whole  hour  in 
pointing  out  more  points  of  considerable  interest  on  the 
same  subject.     But  other  matters  demand  attention. 

Fecula  is,  as  is  well  known,  a  granular  matter,  founil 
in  the  interior  of  plants,  and  peculiar  to  the  vegetable 
kingdom.  It  exists  in  all  plants.  Pore  fecula  is  separated 
by  art  from  a  great  variety  of  species,  where  it  is  placed  in 
unusual  abundance  for  purposes  connected  with  the  wanta 
of  the  plants  which  contain  it.  Before  uh  to-night  arc 
examples  of  it,  one  being  an  entirely  new,  and  another  a 
somewhat  novel,  source  of  fecula ;  we  have  here,  in  fact,  a 
kind  of  Arrow-boot,  not  of  bad  quality,  but  very  good 
and  pure,  and  probably  for  dietetical  purposes  as  useful  as 
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&e  arrow-root  of  Bermada.    Although  not  quite  new,  it  is 

^oy  litUe  known,  and  is  obtained  from  the  stems  on  the 

table  of  a  plant  which  the  people  of  St.  Domingo  call 

Chuttfiga.    There  is  no  reason,  perhaps,  to  suppose  that  it 

^  be  of  importance  in  our  commerce  with  St.  Domingo ; 

hat  what  is  curious  with  regard  to  it  is,  that  there  is  a 

aunple  of  the  same  substance  obtained  from  a  similar 

aoorce  in   Western  Australia,  where  they  have  a  plant 

cdkd  Zamia  Australis,  growing  abundantly,  and  yielding 

crea  better  fecula  than  the  Guayiga  of  St.  Domingo.     In 

loik  instances,  it  will  be  found  that  this  fecula  hangs 

together  in  chains,  quite  unlike  the  ordinary  appearance  of 

arrow-root ;  as  is  clearly  seen  under  the  microscope.     Thus 

ve  have  the  arrow-root  of  Western  Australia,  and  another 

feola  of  the  same  kind  obtained  from  a  species  of  Zamia, 

^Uch  is  found  growing  wild  in  St.  Domingo — both  of 

then  sources  which  had  been  previously  unknown  or 

•carcely  attended  to. 

There  is  another  very  curious  substance,  for  specimens 
^  which  we  are  indebted  to  the  kindness  of  Sir  William 
Booker,  who  has  sent  it  from  the  important  museum 
l^donging  to  the  gardens  at  Kew.  These  are  cakes  of 
Ttpha  Bread — this  from  Scinde,  that  from  New 
Zealand — where  they  are  articles  of  food,  prepared  from 
^  pollen  of  the  common  reed-mace,  or  bulrush  of  those 
^^tries.  The  one  which  is  from  Scinde,  and  which  is 
**Ilcd  there  boor  or  booree,  is  made  from  the  pollen  of  the 
^tn  of  the  iypha  elephantina,  or  elephants'  grass,  of  the 
^^try.  The  other,  which  is  called  punga-punga^  by  the 
P^le  of  New  Zealand,  is  obtained  from  another  species 
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^key  are  cheap  and  easy  to  prepare.     But  what  I  would 

^^ore  especiaUy  mention  in  respect  to  them  is^  that  the 

Ilkntains  which  lie  there^  perfectly  sweety   and  having 

%3Ddergone  no  material  change  whatever  up  to  the  present 

%Bit,  were  sent  into  a  baggage-warehouse  at  Woolwich  in 

^  year  1885^  and  had  there  been  lying  till  they  were 

tnoiferred  to  the  Exhibition  building.     So  that  it  appears 

ikat  dried  plantains  are  not  only  exceedingly  good  to  eat^ 

and  highly  nutritive,  but  have  the  property,  which  many 

sadi  substances  do  not  possess,  of  keeping  for  a  very  long 

time, — a  fitct  that  should  interest  those  who  deal  in  figs, 

and  similar  articles,  which  are  apt  to  become  mity,  and 

Jbj,  and  to  spoil,  to  the  loss  of  those  who  own  them.     It 

is  eertain  that  there  is  no  good  property  belonging  to  the 

ig  which  does  not  also  belong  to  the  dried  plantain.     It 

sppears  firom  the  statements  of  Colonel  Colquhoun,  to 

^rliom  we  owe  our  knowledge  of  the  preparation,  that  such 

dried  plantains  can  be  prepared  in  Mexico  and  sold  in 

lorope  for  threepence  a  pound,  allowing  ten  per  cent 

profit,  supposing  there  is  no  duty  on  their  import. 

These  are  minor  matters.  Let  me  now  call  attention 
^  the  snbject  of  preserved  provisions. 

In  the  first  place,  the  Exhibition  contained  some 
^nnpies  of  dried  Veoetablbs,  prepared  by  what  is  called 
MaHon's  process.  Tonder  are  specimens,  lying  to  the 
li^  of  the  Chairman.  They  have  been  packed  in  tin-foil, 
*ri  very  imperfectly  secured;  so  that  although  they  are 
*W  undergoing  no  change  whatever,  yet  they  are  not  seen 
^nder  fiivoarable  circumstances;  they  have  been  affected, 
though  not  injuriously,  by  the  dampness  of  the  building 
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in  which  they  have  been  kept.     The  samples  consist  of 
white  and  red  cabbages,  turnips,  Brussels  sprouts,   and 
various  other  things.     As  to  the  method  of  preserving  them^fl 
it  appears  to  be  free  from  all  objection.     First,  it  i 
cheap  ;  secondly,  as  we  are  led  to  believe  by  persons  i 
France  who  are  well  informed  on  the  subject,  it  perfectli 
answers  the  pui-pose.     The  mode  of  preparing  these  vege-  ' 
tables  is  shortly  as  follows :   they  are  dried  at  a  certain 
temperature  (from  104°  to  118°),  which  is  neither  so  low 
as  to  cause  tbeni  to  dry  slowly  nor  so  high  as  to  cause  them 
to  dry  too  quickly ;  if  the  last  happens  they  acquire  a  burot,  ^| 
taste,  which  destroys  their  quality.     They  lose  from  87  to  ^1 
89  per  cent  of  their  water,  or  seven-eighths  of  their  original 
weight ;  after  which  they  are  forcibly  pressed  into  cakes, 
and  are  ready  for  use,     I  saw,  a  year  ago,  the  original  of 
a  letter  from  the  captain  of  the  Astrolabe,  a  French  vessel 
of  war,  speaking  in  the  highest  teruis  of  the  supply  of 
these  vegetables  for  the  use  of  that    vessel    during  her 
voyage  :  the  French  navy  generally  mentions  them  in  thot  ^1 
moat  favourable  terms,  and  no  reason  appears  for  doubting,  ^^ 
such  statements.     The  specimens  before  you  are,  I  repeat,      * 
seen  under  unfavourable  circumstances.     They  ought  to 
have  been  kept  in  tin  and  protected  from  the  air ;  instead 
of  which,  they  have  been  lying   about  more  than  nine 
months  in  the  Exhibition  building,  where  they  have  been 
exposed    to   considerable  dampness.       Yet  they  are  not 
injuriously  affected,  although  they  are  absorbing  moisture, 
as  must  necessarily  happen  in  a  damp  place,  and  which,  if 
it  were  to  continue,  would  spoil  them.     Now,  I  think  this 
is  a  matter  of  more  consequence  than  it  may  appear  to  be, 
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for  the  fbllofwing  reason :  it  is  usual  to  supply  the  navy 
with  preserved  food  of  different  kinds ;  and  I  am  informed 
by  a  distingoiahed  officer  of  the  Antarctic  expedition  under 
Sir  James  Boss,  that  although  all  the  preserved  meats  used 
OQ  that  occasion  were  excellent,  and  there  was  not  the 
slightest  ground  for  any  complaint  of  their  quality,  yet  the 
cmr  became  tired  of  the  meat,  but  were  never  tired  of  the 
vegetables.  This  should  show  us  that  it  is  not  sufficient 
to  supply  ships*  crews  with  preserved  meat,  but  that  they 
sboold  be  supplied  with  vegetables  also,  the  means  of  doing 
wUch  is  now  afforded 

I  have  only  a  word  or  two  to  say  about  M.  Broc- 
CHiEii's  scheme.  Those  who  are  acquainted  with  this 
proposal  will  remember  that  cakes  and  other  articles  of 
food  made  from  blood  were  exhibited  in  the  building.  In 
some  cases  those  cakes  have  undergone  no  change,  in  others 
they  became  putrid.  The  object  of  M.  Brocchi^ri  was  to 
^itQiie  the  blood  of  animals  in  abattoirs.  Now^  as  we  are 
led  to  believe  that  abattoirs  Mrill  be  constructed  in  London, 
It  IS  an  important  question  whether  the  blood  of  the 
itomerous  animals  there  killed  can  be  utilized  or  not.  M. 
%)cchi^ri  thought  it  could;  and  by  some  unknown 
i^od  he  separated  the  serum  from  the  crassamentum, 
*od  obtained  a  hard,  dry  substance,  the  nature  of  which  I 
^scarcely  describe:  it  was  perfectly  insipid,  and  with 
i^<Aing  disagreeable  about  it  whatever.  Perhaps  it  was 
like  very  dry  black  bread,  or  something  of  that  sort.  If 
^  name  had  not  been  unfortunate,  people  would  have 
**ked  at  it  with  more  mterest.  It  is  a  question,  however, 
whether  it  is  desirable  thus  to  utilize  the  blood  collected  in 
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abattoirs,  or  whether  it  may  not  be  better  to  let  it  go  into  tl 
refuse,  to  be  employed  as  manure ;  for  it  appears  from  the 
best  evidence  that  can  be  obtained,  that  blood  is  admirably 
adapted  for  that  purpose.  It  is  proved  that,  supposing 
unmanured  land  wiJl  yield  threefold,  then  land  manured 
with  bullocka'  blood  will  yield  fourteen  fold ;  tlierefore  we 
have  direct  evidence  that  the  blood  of  animals  has  a  very 
powerful  action  as  manure ;  and  it  may  be  more  prolitable 
to  obtain  our  food  from  it  in  that  indirect  manner  than  to 
use  blood-cakca  prepared  after  M.  Brocehieri'a  method, 

Pbeserveo  Meats  are  out  of  favour  just  now.  We 
bear  of  little  except  condemned  canisters,  which  the 
Admiralty  unfortunately  have  in  store.  It  is  the  more 
'  proper,  then,  to  state,  that  thcevidencebefore  the  Jury  went 
to  show  that  it  is  possible  to  presen-e  meat  in  camstera 
without  undergoing  any  change,  for  a  great  length  of  time. 
We  had  hashed  heef,  which  was  excellent,  dating  back  to 
1836;  we  had  hoiled  beef  fifteen  years  old,  preserved  in 
canisters,  and  many  other  specimens,  none  of  which  were 
changed.  It  is  clear,  therefore,  that  the  canister-jjrocesa 
of  prescning  is  good,  prorided  you  keep  a  sharp  eye  on 
the  contractors,  aud  upon  those  who  act  under  them. 

What  is  more  important  than  all  other  preserved  pro- 
visions, is  the  article  to  which  I  must  next  request  at- 
tention. A  great  deal  of  interest  was  excited  when  the 
contents  of  the  Exhibition  first  became  known, —  and  it 
did  not  diminish  afterwards, — by  a  certain  Meat-Bisccit, 
introduced  among  the  American  exhibitions  from  Texas, 
by  Mr-  Gail  Borden.  We  were  told  that  its  nutritive  pro- 
perties were  of  a  very  high  order;  it  was  said  that  ten 
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pounds  weight  of  it  would  be  sufficient  for  the  subsistence 

of  an  active  man  for  thirty  days^ — that  it  had  been  used 

in  the  American  navy^  and  had  been  found  to  sustain  the 

atrength  of  the  men  to  whom  it  had  been  given  in  a 

remarkable  d^ree.     Statements  were  made  to  us,  which 

have  since  been  corroborated,  that  it  would  keep  perfectly 

well  without  change,  under  disadvantageous  circumstances. 

Colonel  Sumner,  an  officer  in  the  United  States  Dragoons, 

who  had  seen  it  used  during  field  operations,  says  he  is 

sore  he  could  live  upon  it  for  months,  and  retain  his  health 

tnd  strength.     The  inventor,  he  says,  names  five  ounces 

^j  as  the  quantity  for  the  support  of  a  man ;  but  he 

(CdoDcl  Sumner)  could  not  use  more  than  four  ounces, 

mtde  into  soup,  with  nothing  whatever  added  to  it.     The 

loUtaQce  of  these  statements  may  be  said  to  amount  to 

tliis,  that  Borden^s  Meat-Biscuit  is  a  material  not  liable 

to  undergo   change,   is  very  light,   very  portable,   and 

citiemely  nutritious.     A  specimen,  placed  in  the  hands  of 

^'  Playfair  for  examination,  was  reported  by  him  to 

^tain  32  per  cent  of  flesh-forming  principles ;  for  it  is 

>  composition  of  meat, — the  essence  of  meat,  and  the 

finest  kind  of  flour.     Dr.  Playfair  stated  that  the  starch 

Via  unchanged,  that,  consequently,  there  could  have  been 

^putrescence  in  the  meat  employed  in  its  preparation, 

lod  that  the  biscuit  was  "  in  all  respects  excellcnt.^^     It 

^tasted, — I  tasted  it, — the  Jury  and  others  tasted  it; 

*id  we  all  found  nothing  in  it  which  the  most  fastidious 

Pcnon  could  complain  of :  it  required  salt,  or  some  other 

^diment,  as  all  these  preparations  do,  to  make  them 
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savoury.  Tbia  meat'-biscnit,  as  I  stud  just  now.  w^^as 
reported  to  be  capable  of  kecpuig  well, —  and  this  mig^Ent 
well  be  true, —  because  no  foreign  matter  had  been  intr-^K»- 
duced  into  its  composition ;  there  was  no  salt  to  absoi^K-b 
moisture,  and  nothing  else  to  interfere  with  the  property  -^tf 
flour,  or  of  essence  of  meat.  These  hiacuits  are  prepar^^J 
by  boiling  ddvu  the  beat  fresh  beef  that  can  be  proeur^^J 
in  Texas,  and  mixing  it  in  certain  proportions  with  tlat^ 
finest  flour  that  can  be  there  obtained;  if  is  stated  tl*^' 
the  essence  of  five  pounds  of  good  meat  is  estimated  to  ^^^ 
contained  in  one  pound  of  biscuit.  That  it  is  a  materi*' 
of  the  highest  value  there  can  be  no  doubt :  to  what  eite  »3* 
its  value  may  go,  nothing  but  time  can  decide;  but  ' 
think  I  am  justified  in  looking  upon  it  as  one  of  the  nic^'*' 
important  substances  which  this  Exhibition  has  brouj"^* 
to  our  knowledge.  ^Vhen  wc  consider  that  by  this  ma  *" 
thod,  in  such  places  aa  Buenos  Ayres,  animals  which  ^** 
there  of  bttle  or  no  value,  instead  of  being  destroyed,  ** 
they  often  are,  for  their  bones,  may  be  boiled  down,  a.*^'^ 
mixed  with  the  flour  which  all  such  countries  prodn*^*^ 
and  so  converted  into  a  substance  of  such  durability  tt»»* 
it  may  be  preserved  with  the  greatest  ease,  and  sent  **' 
distant  countries,  it  seems  as  if  a  new  meaus  of  subsislet**^^ 
was  actually  offered  to  us.  Take  the  Argentine  Ete- 
puhlie, — take  Australia,  and  consider  what  they  do  wi*" 
then:  meat  there  in  times  of  di'ought,  when  they  canr*"* 
get  rid  of  it  whilst  it  is  fresh, — they  may  boil  it  doWi^*** 
and  mix  the  essence  with  flour  (and  we  know  they  he*'^ 
the  finest  in  the  world),  and  so  prepare  a  substance  tt>^^H 
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can  be  preserved  for  times  when  food  is  not  so  plentifu],  or 
■eat  to  countriea  where  it  is  always  more  difficult  to  pro- 
cnre  food.     Is  not  this  a  very  great  gain  ?* 

Concerning  other  matters  I  must  necessarily  he  more 
brief.  I  can  say  httle  regarding  coffee  and  cocoa ; — -there 
was  not,  in  fact,  in  the  Exhibition  much  that  deserved 
notice  :  but  there  was  one  sample  (and  I  am  sorry  to  say 
I  have  not  a  sjieciinen  here)  which  ought  to  be  mentioned 
moat  especially ;  namely,  the  Cocoa  of  admirable  quality 
which  comes,  or  which  may  come,  from  Trinidad.  Cocoa 
— or  cacao,  as  we  should  call  it  —  is  an  article  of  very 
large  consumption.  Enormous  quantities  of  it  are  now 
used  in  the  navy ;  and  every  one  knows  how  much  it  is 
employed  daily  in  private  life.  It  is,  moreover,  the  basis 
of  chocolate.  But  we  have  the  evidence  of  one  of  the 
most  skilful  brokers  in  London,  who  has  bad  forty  years' 
experience  to  enable  him  to  speak  to  the  fact, — that  we 
never  get  good  cocoa  in  this  country.  The  consequence 
■B,  that  ail  the  best  chocolate  is  made  in  Spain,  in  France, 
and  in  countries  where  the  fine  description  of  cocoa  goes. 
We  get  here  a  cocoa  which  is  unripe,  tiinty,  and  hitter, 
having  undergone  changes  that  cause  it  to  bear  a  very 
low  price  in  the  market.  But  it  comes  from  Britieh  poa- 
seuions,  and  is,  therefore,  sold  here  subject  to  a  duty  of 
only  18s.  8rf.  per  ewt.,  whereas  if  it  came  from  a  foreign 
country  it  would  pay  56a.  The  differential  duty  drives 
the  best  eocoa  out  of  the  English  market.  Still  it  ap- 
fesn  that  we  might  supply,  from  our  own  colonies,  this 
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very  cocoa ;  because,  as  I  have  said,  tliere  was  exbibitedf . 
from  Trinidad,   a  very  facautifu)   sample,   quite  equal  to 

anything  produced  in  tlic  best  markets  of  the  Magdalcna, 
of  Socomusco,  or  of  other  places  on  the  Spanish  Main. 
It  had  no  bitterness  —  no  fljntiness — no  damaged  grains 
in  it  i  but  all  were  plump  and  ripe,  as  if  they  had  been 
picked.  The  cocoa  from  the  Spanish  Main  goes  into 
other  countries,  for  the  preparation  of  that  dcliciouB 
chocolate  which  we  buy  of  them.  It  is  thrown  out  (rf 
our  market  by  the  differential  duty.  But  it  ia  their  own 
fault  if  our  own  colonies  do  not  produce  fine  cocoa,  at 
Trinidad  baa  conclusively  proved, 

I  may  here  notice  a  curiosity  of  a  similar  nature.  Df. 
Gardner  sent  to  the  Exhibition  some  prepared  Cofpk»- 
Leaves,  which  he  proposes  as  a  substitute  for  tea ;  expect- 
ing that  in  the  coffee  plantations  leaves  may  be  gathered 
and  dried,  as  well  as  berries.  One  of  the  reasons  assigned 
in  support  of  this  proposition  is,  that  you  obtain  A-om 
coffee  the  same  alkaloid,  iheine,  that  you  obtain  from  tea ; 
and  it  is  that  alkaloid  which  gives  tea  its  value  as  an 
article  of  diet,  I  am  afraid,  however,  it  will  he  a  long 
time  before  this  plan  comes  into  use;  for,  in  the  first 
place,  I  cannot  say  that  coffee  leaves  have  a  very  pleasant 
taste ;  and,  moreover,  it  is  doubtful  whether  the  coffee- 
tree,  stripped  of  its  leaves,  will  yield  any  such  crop  of 
berries  as  will  compensate  for  the  loss  of  the  leaves 
themselves. 

Another  proposition  is,  that  of  Mr.  Snowden,  who 
points  out  that  coffee  consists  of  two  parts,  namely,  the 
grain  itself,  which  is  good,  and  the  remains  of  the  skin  that 
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beloiigs  to  it,  and  is  entangled  in  the  folds  of  the  coffee, 
irhich  in  itself  is  useless.  He,  therefore,  says,  "  When 
you  roast  your  coffee,  you  should  break  it  up  in  my 
manner,  and  separate  this  akin  or  parchment  —  this  use- 
less material — from  it,  and  use  only  the  residue,  or  pure 
material."  In  some  bottles  on  the  table  are  shown  the 
different  stages  of  this  process  of  Sir.  Snowden's  for  pre- 
paring the  coffee.  You  have  it  roasted,  in  the  first  place ; 
then,  you  see  it  crushed,  together  with  the  impurities 
tpoken  of;  and  next,  you  have  the  clean  coffee  with  the 
impurities  separated.  I  do  not  know  whether  the  ex- 
pense of  the  operation  corresponds  with  the  advantage  to 
be  derived  from  it;  but  it  is  certainly  ingenious.  It  is, 
however,  believed  that  the  parchment  in  question  is  a 
caput  moriuum,  which  does  neither  good  nor  harm. 

Then  the  Turks  sent  us  an  odd  material,  —  a  sub- 
stance tbcy  call  Kinduel, — which  is  a  grain,  or  BCL'd- 
veuel,  employed  by  them  as  a  substitute  for  coffee ; 
whether  for  adulterating  or  improving  its  quahty  they 
do  not  tell  us.  It  is  unknown  in  this  country  as  an 
article  of  use,  and  is  the  seed-vessel  of  a  jdant  called 
Gun  DELI  A. 

Sugar,  which  may  come  next  after  coffee,  leads  me 
to  one  or  two  important  points.  It  must  be  allowed  that 
the  general  exhibition  of  sugar  by  no  means  represented 
the  state  of  the  sugar  market ;  and  that  there  was  a  great 
deal  of  what  is  generally  known,  and  therefore  not  worth 
mentioning  to-night.  But  there  was  a  most  curious 
■cries  shown  in  the  French  department,  which,  for  the 
singular  and  beautiful  illustration  it  gave  of  the  appliea- 
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^^^B  tioo  of  Kcience  to  raaDuructuring  processes,  deserves  to  b 
^^^B  particularly  noticed.  Tbc  French  make  their  sugar,  as  1  c 
^^H  need  not  say,  from  the  bcct-root;  all  the  Loiiie-mad*-E»^ 
^^B  sugar  which  they  coosume   is  beet-rout  sugar.     In  thi^T  m 

^^m  manufacture  there  is  a    residuum,   as  there   is  in  saga t^r-"^. 

^H  made  frotu  the  a ugar-caoc  —  molasses,  a  brown  sweet  subc:^-! 

^B  stauee,  containing  a  great  deal  of  sugar  which  cannot  bci^VIi 

^K  recovered.     The  heet-root  molasses  has  thla  Bcrioos  fyuM"  ^nl 

■  — it  is  nauseous,  and  utterly  uneatable,  except  by  pig^c^S) 

W  It  has  a  bad,  disngreeable  smell,  and  looks  like  what  1  ac^r-iiri 

I  pointing  to  now  [referring  to  a  specimen].    It  is,  therefon 

>  sold  at  a  very  low  price,  and  is  generally  given  to  animal 

But    it  occurred    to    M.   Dubranfaut  that  this   ; 
might  be  compelled  to  give  up   its  sugar ;    and  he  ia 
vented  what  is  called  the  barjtic  process.  In  order  r 
separate  it.     To  the  useless  molasses  of  beet-root  he  aim 
hydrate  of  baryta,  which  combines  with  the  saccharic  aci^ 
or  sweet  principle,  and  produces  a  saccharate,  or  sucraM 
of  baryta,   an    insoluble   substance.      The  colouring  u^ 
other   soluble   matters    arc    then   washed  out ;    and  t 
from  this  dark  substance,  acted  upon,  in  the  first  inatanM 
by  the  hydrate  of  baryta,  you  obtain  a  body  [produi 
it],  which  is  perfectly  colourless.     It  is  next  necessaiy 
get  rid  of  the  barjta,  it  being  poisonous;  and  carboa 
acid  is  used  for  that  purpose^     Carbonic  acid  being  : 
troduccd,  a  carbonate  of  baryta  is  formed ;   the  bar 
goes  over  to  the  carbonic  acid,  aud  the  sugar  is  kft. 
sweet  Suid  is  then  subjected  to  ctaritication,  by  straiml 
through  animal  charcoal  and  sulphate  of  lime,  and  I 
comes  a  colourless  aubstaDce,  extremely  sweet,  and  { 
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fectly  free  from  baryta.  Thua  is  obtained  a  kind  of  tau 
nieri  from  the  black,  and,  I  may  say,  foetid  molassea : 
the  final  result  is,  the  recovery  of  from  35  to  45  pet  cent 
of  sugar.  There  are  other  poiots  about  this  ojieration  of 
which  I  have  not  time  to  make  mention,  and  which  are 
the  less  material  now,  because  such  matters  may  be  ex- 
pected to  be  more  particularly  explained  in  the  report  of 
the  Jury  soon  about  to  be  published. 

We  must  be  very  brief  about  Tea.  Here  are  some 
sampleB  of  tea  partly  illustrative  of  the  condition  of  the 
tea- manufacture  in  ludia,  and  partly  of  the  state  of  the 
tea-trade  in  China.  There  was  in  the  Exhibition  an  ex- 
traordinary and  most  valuable  coileclion  of  Chinese  teas, 
procured  by  Mr.  Ripley  of  Canton,  and  afterwards  bought 
by  Mr.  Dakiu,  to  which  gentleman  we  are  indebted  for 
some  of  the  canisters  before  you,  showing  the  finest  qua- 
lities of  tea,  and  certain  other  matters  which  I  shall  men- 
tioo  presently.  You  will  there  find  examples  of  what  the 
finest  known  qualities  of  tea  are,  and  among  thcrii  n 
sample  of  tea  called  superfine  flowery  I'ekoc,  which  cost 
in  China  50*.  a  pound — -such  being  the  value  which  the 
Chinese  place  upon  it.  In  this  country  it  can  be  only  a 
&ncy  tea,  exceediugly  delicate,  no  doubt,  but  possessing 
qualities  to  which  wc  ascribe  little  importance. 

Ilierc  arc  also  samples  of  tea  from  Assam,  and  others 
firom  the  Himalaya  mountains,  concerning  wliieh  I  am 
anxious,  however  short  the  time  at  my  disposal,  to  say  a 
word.  Dr.  Koyle  has  been  kind  enough  to  send  the 
samples  of  tea  from  Assam,  which  occupy  four  of  the 
saucers  on  the  table ;  and  two  other  samples  from  the 
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Himalaya  muuntains,  green  and  black ;    these  repreaei^  4 
exceedingly  wtili  the  state  of  the  manufacture  of  tea  ia 
each  country. 

First,  aa  to  Assam  Tea.     The  history  uf  Assam  tekl 
is   this: — About  the   year  1826  a   Mr.  Scott  obtainedJ 
sitme  informatioa  respecting  the  existence  of  tea  in  tht:| 
province  of  Assam,  one  of  the  warmer  districts    in  thefl 
territory  of  Eastern  India.     Persons  were  sent  to  examine 'I 
the  nature  of  this  tea,  and  they  reported  rather  favourably  1 
of  it.     A  Company  was  formed,  and  the  plant  has  been  J 
cultivated  since  that  time  successfully.     But  Assam  is 
jungly  country;  the  tea  grows  on  the  banks  of  rivers ;>l 
and  the  temperature  is  higher  than  we  should  expect  it  J 
to  be  where  good  ti'a  is  known  to  be  produced.     The4 
experiment  may  be  called  successful ;  fur  if  the  Company' J 
eanuot    make  fine    tea,   they  make   au  exceedingly  goodl 
mercantile    article:    it    appears    that    the    tea   of  Assam, .-1 
although  not   of  fine  quality,   is  strong,   and  useful  for  J 
mixing  with  tea  of  inferior  strength.     Some  of  that  t 
has  been  estimated,  by  gentlemen  who  were  consulted  by  J 
the  Jury,  as  bearing  the  value  of  from  2s.  6d.  to  3s.  Gd.  per 
pound  in  the  London  market.     It  is  extensively  consumed, 
aud  there  is  nothing  deleterious  in  it.     Its  merits  are  a 
matter  of  taste,  and  it  suits  those  who  like  to  drink  tM 
high  flavoured.     However,  there  was  little  probability  ofj 
growing  really  good  tea  in  such  a  jungly,  warm  region^ 
because  in  its  native  country  tea  is  gathered  on  the  sides 
of  hills,  where  there  is  frost  in  the  morning  for  a  great 
part  of  the  year,  and  where  the  trees  are  ventilated  by 
winds  constantly  blowing  through  them,  instead  uf  being 
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in  a  vale,  as  in  Assam,  where  mists  are  more  prevalent 
than  clear  weather.  This  led  Dr.  Royle  to  recommend 
an  attempt  to  cultivate  tea  ia  the  Himalaya  mountains, 
where  a  similar  cold  temperature,  and  eircum stances  of 
the  same  nature  as  in  the  tea  districts  of  Chinn,  exist. 
Jndging  from  <i  priori  considerations,  he  was  of  opinion 
that  tea  «'ould  succeed  completely  on  the  hills  of  Northern 
India.  He  recommended,  in  1827,  the  attempt  to  Lord 
Amherst,  who  was  then  Govern  or -general,  and  afterwards 
to  Lord  William  Bentinck,  who  commenced  the  experi- 
Dient  at  his  suggegtion ;  and  what  is  the  result  ?  In 
1847,  162  acres  were  occupied  by  tea-plantations  on  the 
Himalayas ;  and  at  that  time  the  tea  was  selling  at 
ilmora,  the  green  for  9*.  end  lOff.  a  pound,  and  the 
llack  from  4t.  to  7s.  But  there  were  also  coarse  qua- 
hich  were  jmrchased  by  the  people  of  Bhotan  to 
letiry  with  them  across  the  passes  in  Thibi't  and  Chin(«c 
-^hrtarr  —  into  the  very  places  supplied  by  the  Chinese 
themselves.  It  appears  from  a  report  which  has  just  been 
put  into  my  hands  on  the  subject,  by  Mr.  Fortune,  who 
has  been  employed  lately  by  the  East  India  Company  to 

I  inquire  into  this  matter,  that  the  quantity  of  ground  now 
^vered  is  6.56  acres  of  public  land,  exclusive  of  all  that  in 
ithc  occupation  of  Zemindars,  who  are  most  anxious  to 
Jbrm  tea-plantations.  Here  are  two  samples  of  this  tea, 
grcea  and  hlack ;  the  best  is  worth  2s.  4d.  a  pound,  free 
of  duty.  There  can  be  no  doubt,  therefore,  that  the  ei- 
periment  has  perfectly  succeeded  ;  and  it  has  furnished  a 
'means  of  employing  the  poorer  inhabitants  of  the  Himalaya 
mountains,  who  have  no  other  way  of  earning  that  which 
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I  another  poin^ 
u  will  ftnd  th^^l 
ind  of  scentedl 
;  and  near  tfaem  1 
id  spnrioiu  1 
L  difference 
■  hare  an  instance  in  which  the 
Q  committing  a  fraud,  which  is  of 


may  procure  them  the  comforts,  or  even  the  necessaries  oCl 
life:  nor  Is  it  at  all  improbable  that  a  part  of  tbe  Chinewl 
trade  will  soon  pass  from  the  Chinese  themselves  to  I 
Europeans  iu  the  north  of  India. 

There  Is  among  Mr.  Dakin's  aamplea 
which  is  of  a  somewhat  different  nature.    \  ( 
some  very  fine  samples  of  gunpowder  tea  i 
Caper, — the  finest  the  Chinese  can  r 
you  will  observe  some  spurious  gunpowder 
scented  Caper  tea :  the  eye  cannot  percei* 
between  them.     Here  we 
Chinese  have  succeeded  ii 
a  moat  gigantic    nature,  as  must  be  admitted   when  we 
recollect  that  750,000  lbs.  weight  of  such  tea  were  iiii*d 
ported  into  Liverpool  a  short  time  ago ;  and  that  when  the  t| 
spurious  article  is  mixed  with  real  tea  the  two  cannot  be 
distinguished  by  any  ordinary  process.     One  of  these  teas 
is  black,  and  exactly  like  scented  Caper :   the  other  is 
^en,  and  to  the  eye  is  exactly  like  the  finest  gunpowder. 
But  t/iere  is  no  lea  in  either,  and  they  offer  a  very  curious 
instance  of  the  ingenuity  of  the  Chinese  in  falsifying  what 
they  sell — an  art  for  wbieb  that  nation  is  notorions,  i 
you  must  know.     This  "tea"  they  call  "lie  tea,"  and  i^fl 
is  made  in  the  following  manner : — The  Chinese  take  ■ 
tub,  into  which  they  put  a  quantity  of  sand  and  similar  1 
substances,  pounded  leaves,  vegetable  dust,  or  anything  I 
containing  vegetable   matter,  with  apparently  some  gyp*  i 
sum  ;  this  they  sprinkle  with  rice-water.     The  ricc-wat«, 
being  of  a  glutinous  nature,  collects  the  composition  into 
small  balls,  which   hold  together  :    and   by  degrees,  by  ] 
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dexterous  manipulatioii,  the  tub  full  of  this  fraudulent 
material  acquires  the  form  of  myriads  of  globules.  In  the 
next  place,  the  globules  arc  faced;  they  are  made  black 
with  black  lead,  as  Mr.  Warrington,  an  ingenious  friend 
of  mine  attached  to  Apothecaries'  Hall,  has  proved  by 
■nalysiB.  They  face  the  green  with  Prussian  blue,  and 
probably  turmeric;  there  arc  two  opinions  about  that: 
BOme  say  the  green  is  a  mixture  of  Prussian  blue  and 
ehromate  of  lead ;  others  say  that  turmeric  is  used ;  at  all 
events,  there  is  no  tea.  Yoii  will  see  by  these  test-glasses 
that  I  have  been  taking  pains  to  get  some  tea  out  of  the 
'**  lie  tea."  [Producing  an  infusion  of  each.]  There  is  a 
eat  deal  of  dirt,  and  a  great  many  pieces  of  leaves  at 
[itb«  bottom,  and  thitt  is  all ;  but  there  ia  not  a  trace  of 
in  the  infusions,  and  I  have  employed  nothing  that 

Id  have  destroyed  the  tea  leaves,  if  there  had  been  any 

lent. 

I  am  told  that  Tobacco  is  not  alimentary,  and  ought 
not  be  introduced  here ;  but  as  it  was  a  part  of  the 
fDnctions  of  the  Jury  to  which  I  had  the  honour  to 
belong  to  consider  all  that  related  to  tobacco,  I  think 
tbe  Society  of  Arts  ought  not  to  be  left  in  the  dark  as 
to  this  important  question.  And  in  the  first  place  I  have 
to  state,  without  going  at  all  (for  there  is  no  time)  into 
tiie  comparative  merits  of  different  kinds  of  tobacco,  that 
eertain  very  curious  facta  were  elicited.  It  is  not  to  be 
disputed  that  the  finest  tobacco  in  tbe  world  comes,  as  is 
generally  supposed,  from  the  Havanuah  ;  this  was  de- 
monstrated by  the  admirably  manufactured  samples  ex- 
hibited by  the  house  of  Cabanas  and  Carbajal.     But  there 
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is  only  a  limited  area  in  Cuba  in  which  that  tobac:» 
is  produced;  eo  that  whilst  the  Havaonah  tobacco  may 
be  of  excellent  quality  in  geueral,  yet  it  is  only  that 
which  cornea  from  a  certain  part  which  is  much  better 
than  any  otbcr.  Don  Ramon  de  la  Sagra,  who  resided 
many  years  in  Cuba,  and  published  an  important  work  on 
that  island,  has  stated  that  this  is  undoubtedly  the  fact, — 
that  the  best  Havannah  tobacco  is  the  produce  of  a  very 
small  area.  The  consequence  is,  that  this  little  area  is 
the  only  place  known  where  the  finest  kind  of  tobacco 
can  be  produced;  and  we  cannot  look  even  to  the  Ha- 
vannah fur  it  with  great  confidence,  inasmuch  as  it  is 
chiefly  used  in  the  island,  or  as  presents,  but  a  limited 
amount  going  into  general  consumption.  Yet  we  found 
that  the  tobacco  from  Trinidad  did  not  appear  to  be  in 
any  way  inferior  to  that  from  Havannah.  Whether  or 
not  there  exist  generally  in  the  island  of  Trinidad  condi- 
tions of  soil  and  other  conditions  favourable  for  eliciting 
the  admirable  qualities  which  the  best  description  of 
Havannah  tobacco  has,  i  cannot  say;  but,  for  my  own 
part,  I  entertain  no  doubt  whatever  that  in  that  part  of 
Trinidad  from  whence  the  tobacco  came  which  was  exhi- 
bited in  the  building,  a  kind  of  leaf  quite  equal  to  the 
best  class  of  Havannah  tobacco  might  be  grown.  Soil, 
no  doubt,  and  a  variety  of  circumstances  of  that  kind, 
have  much  to  do  wiih  the  quality  of  tobacco;  other- 
wise we  cannot  account  for  the  varjing  qualities  of 
the  samples  produced  from  various  countries.  This  is 
strikingly  shown  by  u  remarkable  circumstance:  some  of 
the  best  tobacco  sent  to  the  Exhibition  came  from  the 
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I  Southern  Russian  provinces ;  it  was  fully  equal  to  the 
best  American  tobacco,  grown  in  America  under  favour- 
able circuiustanceB ;  it  nas  tobacco  of  ilie  highest  class; 
yet  nobody  could  have  eipecteJ  that  such  would  have 
been  the  case  with  Russian-grown  tobacco.  The  fact, 
however,  proved  how  much  climate  and  soil  have  to  do 
with  the  quahty  of  tobacco,  and  that  the  summer  climate 

(of  some  parts  of  Southcru  Russia  is  admirably  fitted  for 
the  cultivation  of  this  plant. 
On  the  other  hand,  manufacture  exercises  a  great  in- 
fluence over  the  quality  of  tobacco.  In  Algiers,  where 
Ae  climate  is  apparently  most  favourable,  the  quality  is 
such  that  nobody  could  be  found  to  go  through  the  pun- 
ishment (I  must  BO  call  it)  of  smoking  an  Algerine  cigar. 
Those  cigars  were  not  smokable,  because  they  were  badly 
prepared  ;  for  Algiers  is  a  country  apparently  favourable 
to  the  growth  of  the  plant,  if  proper  means  were  taken  to 

I  prepare  the  leaves, 
I      Then,  again,  we  found  that  some  English-made  cigars 
sre  not  to  be  distinguished  from  Havannah  cigars,      i 
■wonld  ask  any  gentleman  who  has  the  misfortune  [?]  to 
■moke,  to  examine  those   cigars  made  by  Lambert   and 
Butler,  of  Drury  Lane,  and  to  tell  me  whether  tbcy  are 
English  or  foreign,  —  by  the  look.      They  are  not  dis- 
tinguishable by  external  appearance,  and  1  may  add,  that 
the  method  which  has  been  employed  in  preparing  them 
Lrenders  them  of  very  great  excellence,  —  of  much  greater 
I  excellence,  in  fact,  than  many  of  the  cigars  imported  from 
BavanDah,  and  paying  a  ten-shilling  duty  as  manufac- 
d  tobacco.     Now  this  is  a  subject  of  greater  importance 
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than  at  first  sight  may  appear;  for  if  we  can  am 
in  making  cigars  of  such  quality  in  England,  we  imme- 
diately create  a  large  demand  for  laboui'.  The  prepara- 
tion of  cigars  Is  by  hand  labour,  which  no  machinery  can 
ever  supersede  ;  and  when  we  recollect  that  in  the  German 
Commercial  Union,  in  the  year  1842,  605,000,000*  of 
cigars  were  made,  it  Is  not  necesaary  to  inquire  how  nnich 
labour  was  required  for  that  production.  But  none  of 
the  Continental  cigars  were  good,  except  what  came  from 
Portugal;  —  those  of  the  German  Commercial  Union  were 
very  inferior  to  the  best  English-made  cigars  that  were 
produced ;  and  there  ia  no  doubt  whatever  that  it  is  quite 
practicable  to  make  cigars  in  this  counti'V  which  shall  be 
undistinguishable  in  appearance,  and  not  very  distinguish- 
able in  flavour,  from  any  except  those  first-class  Havannah 
cigars  which  scarcely  ever  come  into  consumption.  It  is 
a  matter  of  considerable  importance  to  establish  that  fact, 
because  it  may  open  the  way  to  the  employment  of  poor 
people,  whose  physical  infirmities  render  them  unfit  for 
harder  labour.  I  need  not  say  that  cigar-making  is  very 
Lght  work. 

With  respect  to  the  Portuguese  cigars,  I  have  only 
this  remark  to  make  :  they  were  of  a  vei-y  unusual  quality. 
They  are,  I  presume,  made  in  Portugal  from  foreign  to- 
bacco,— perhaps  Brazilian.  They  appear  as  if  they  had 
been  high  dried.  The  flavour  ia  unlike  that  of  the  beat 
cigars  we  have,  and  resembles  that  of  high-dried  snuff; 
they  are  very  pleasant,  smoke  exceedingly  well,  are  niildj 
and  of  excellent  flavour ;  hut  not  of  the  same  flavour 
*  604,898,200  accordmg  to  official  retunis. 
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we  are  in  the  habit  of  getting  in  this  country.     Onr 
■pr>makers  will  do  well  to  turn  their  attention  to  this 
of  manufactured  tobacco. 
About  UoNEY^  I  can  merely  say  that  there  was  a  great 
of  bad,  and  a  great  deal  that  was  admirable.     We 
honey  from  Hymettus,  from  Greece,  France,  Spain, 
nany  other  places;  but  there  was  among  it  little  that 
be  called  better  than  the  best  of  that  which  we  are 
habit  of  consuming ;  although  some  was  of  remark- 
Cttdlence. 

Of  hr  more  importance  than  honey,  the  quality  of 
necessarily  depends  on  the  country  where  it  is  pro- 
is  the  question  of  Hives  ;  and  I  think  I  ought  not 
these  remarks  without  a  few  observations  on  so 
a  subject.     Bee-hives,  it  is  true,  are  not  food, 
ittej  are  the  means  of  obtaining  food  ;  and  they  came 
the  consideration  of  the  Jury  to  which  I  had  the 
to  belong. 
We  found  a  great  quantity  of  hives,  which  were  gene- 
lemarkable  for  being  unsuited  to   the  insects  that 
to  inhabit  them.     Bees  require,  above  all  things,  to 
alone;   to  be  perfectly  tranquil;  and  we  found 
lures,  with  one  so  drawn  over  the  other  that  you 
Bot  take  off  the  outer  hive  without  shaking  the 
He.    Bees  require  an  atmosphere,  sometimes  warm 
inetimes  cool :    and  we  found  hives   made  with 
contriyances  of  pierced  zinc,  most  ingeniously 
to  oeeupy  the  time  of  the  bees  in  filling  up  the 
vkn  they  do  not  want  them,  and  opening  them 
ikn  they  do.     Bees  require  ready  access  to  their 
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hive  in  summer,  and  the  means  of  closing  up  the  access  id 
winter;  we  found  hives  made  with  openings  so  narrow, 
and  the  access  so  small,  that  not  more  than  two  bees  could 
enter  at  a  time.  Bees  have  enemies  to  contend  with, — 
mice  and  snails, — tom-tits  pop  their  heads  in  when  they 
can,  and  carry  the  beea  off;  we  found  hives  apparently 
contrived  for  no  purpose  except  to  let  mice  and  such  crea- 
tures in.  Bees  require  an  equal  temperature,— not  over 
hot  in  summer,  and  not  over  cold  in  winter;  we  found 
hives  made  of  metal  plates.  I  had  the  curiosity  to  write 
to  a  person  who  had  used  one  of  these  hives,  of  great, 
even  royal,  pretensions,  to  inquire  what  had  become  of  his 
bees;  his  answer  was,  "  Thev  have  all  perished  or  flown 
away  ! "  It  ia  known  that  angles  in  the  interior  of  hives 
are  exceedingly  disadvantageous;  because  it  is  in  the 
angles  that  the  wax-moth,  the  greatest  enemy  to  bees, 
makes  a.  lodgment :  we  found  hives  extremely  angular ; 
hives,  indeed,  provided  with  angles  multiplied  with  sin- 
gular pains.  In  short,  we  saw  nothing  to  commend  or  to 
admire  in  the  hives  exhibited  (I  speak  of  the  English 
hives)  excepting  one  small  improvement,  which  is  here. 
It  is  a  small  matter,  but  it  is  a  real  excellence  in  con- 
stniction  aa  well  as  in  the  present  mode  of  putting  a  top 
on  hives.  In  general  form  this  hive  is  very  like  a  com- 
mon hive,  but  it  is  admirably  made  of  straw  of  considerable 
thickness.  It  is  not  a  truncated  cone,  as  all  hives  to 
carry  glasses  arc,  but  is  more  like  a  hemisphere,  with  a 
flat  board  put  upon  the  top.  The  hemispherical  form  ia 
that  best  adapted  to  prevent  the  inroads  of  wai-motbs. 
There  is  also  something  peculiar  in  the  form  of  it ;    you 
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will  observe^  that  it  is  rather  less  in  diameter  at  the 
bottom  than  it  is  a  little  higher  up^  by  which  means  the 
comb  is  kept  firm.  Altogether  it  appeared  to  be  a  hive 
deserving  favourable  notice.  It  was  exhibited  by  Mr. 
Milton^  of  Marylebone  Street,  the  most  skilful  of  our 
apiarians.  If  that  were  not  known,  his  book  on  bees 
would  sufficiently  show  that  he  deserves  to  be  thus 
spoken  of.* 

The  facts  thus  brought  under  your  notice  seem  to  show^ 
that  so  far  as  the  subject  of  food  is  concerned,  the  late  Exhi- 
bition has  brought  into  view  many  points  of  considerable 
importance.  It  has  shown  that  our  Australian  colonies 
furnish  the  best  wheat  in  the  world,  Spain  not  excepted. 
It  has  shown  that  the  quality  of  wheat  may  be  improved 
to  an  unknown  extent  by  those  processes  which  have  been 
applied  to  other  parts  of  the  animated  world  with  the  best 
results,  but  which  have  not  been  applied  to  cereal  crops. 
It  has  shown  that  there  arc  means  by  which  vegetable  and 
animal  provisions  may  be  preserved  with  certainty,  and 
without  risk  of  deterioration,  for  a  greater  length  of  time 
than  any  kind  of  service  can  require.  It  has  shown  that 
if  we  are  condemned  to  bad  cocoa  and  to  bad  chocolate,  — 
if  our  chocolate-makers  cannot  compete  with  France  and 
Spain,  and  other  coimtries,  it  is  less  because  of  our 
differential  duties  than  on  account  of  the  supineness  of 
English  colonists,  who  look  to  differential  duties  as  a 
cloak  for  their  own  slovenly  culture.  It  has  shown  that 
the  tea  of  the  Himalaya  is  becoming  an  important  article 

*  Tbb  kind  of  hiTe,  without  the  top,  was  first  proposed  by  Butler,  iu 
hbadmifmUe  "  Historie  of  Bees,"  published  in  1623,  chap.  iii. 
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In  undertaking  to  describe  to  you  the  probable  influence 
of  the  Great  Exhibition  on  the  cultivation  and  preparation 
of  vegetable  raw  produce^  I  feel  that  I  have  attempted  a 
task  of  some  difficulty.  The  subject  is  a  very  important 
and  a  very  extensive  one,  forming,  as  it  were,  the  very 
groundwork  and  foundation  of  commerce,  manufactures, 
and,  I  may  say,  indeed,  of  national  prosperity.  To  attempt 
to  enter  into  the  consideration  of  the  whole  subject,  and 
to  follow  out  one  by  one  the  various  branches  into  which 
it  naturally  divides  itself,  would  occupy  many  lectures 
instead  of  one ;  and  I  shall  therefore  content  myself  with 
rather  trying  tb  place  before  you  such  generalizations  as 
have  occurred  to  me  during  the  course  of  my  labours  in 
the  Jury,  and  select  as  illustrations  a  few  of  the  more 
important  of  the  many  subjects  which  have  been  under 
our  consideration. 

In  using  the  term  "  raw  produce,^'  it  must  be  borne  in 
mind  that  it  is  not  to  be  confined  to  those  substances,  which 
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right  manner,  and  in  a  couple  of  years  it  is  altogethevJ 
forgotten,  or  if  remembered,  it  is  as  a  worthless  thin 
which  was  tried  some  years  since,  and  found  of  n 
and,  lastly,  the  report  goes  hack  to  the  coimtry  from  I 
which  it  was  brought,  that  it  is  of  no  value  in  the  | 
European  markets. 


As  I  have  already  said,  the  Great  Exhibition  presented 
to  us  a  moat  valuable  and  interesting  collection  of  the 
gums,  resins,  oils,  dye-stuSs,  fibres,  and  timber  of  many 
countries;  necessarily  far  from  complete,  hut  still  highly 
useful,  because  along  with  those  substances  well  known  to 
our  manufacturers,  there  were  samples  of  many  which  are 
wholly  unknown,  and  not  a  few  of  those,  which  having 
been  brought  over  iu  former  years,  and  condemned  and 
discarded  in  the  manner  just  alluded  to,  are  now  beginning 
to  excite  attention,  and  are  likely  in  time  to  become  articles 
of  commerce.  This  department  of  the  Exhibition  possesses 
one  peculiar  advantage,  namely,  that  it  is  not  merely  a 
record  of  the  successes,  but  also,  to  some  extent  likewise, 
of  the  failures,  of  past  years  ;  and  there  are  many  eases  ia 
which  failures  are  even  more  instructive  than  successes. 
In  eiamining  these  forgotten  materials,  we  are  naturally 
led  to  inquire  into  the  reasons  why  they  met  with  so  little 
favour;  we  are  induced  to  study  the  modes  in  which  they 
were  tried,  and  the  causes  which  led  to  the  failure  of  their 
employment.  If  these  inquiries  teach  us  the  reason  why 
former  attempts  failed,  they  may  very  probably  surest 
new  modes  of  working,  better  suited  to  the  properties  and 
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leason  on  the  whole  as  complete.     In  spite  of  all  caution, 

bowever^  it  ia  probable^  that  the  effects  which  the  Great 

Exhibition  will  leally  lead  to,  will  differ  as  widely  from 

tkose  which  it  might  produce,  as  the  Exhibition  itself,  in 

bet,  differed  from  what  it  might  have  been.     Taken  in  a 

brotd  sense,  the  Exhibition  must  be  regarded  as  a  great 

pictical  expression  of  the  state  and  condition  of  human 

indtBtry,  as  an  indication  of  the  degree  of  advancement  to 

vUdi  it  has  arrived,  and  the  changes  which  it  is  under- 

gomg.    As  regards  the  future,  then,  we  have  to  consider, 

Vhtt  changes  and  improvements  may  we  look  forward  to  ? 

ind  how  will  those  changes  and  alterations  be  influenced 

bf  the  Great  Exhibition? 


Even  a  slight  examination  of  the  raw  produce  which 
fonnB  the  chief  basis  of  our  manufactures,  must  lead  us  to 
tlie  conclusion  that,  in  many  cases,  the  best  substances  are 
Dot  used,  nor  are  the  best  modes  of  preparing  them 
Mowed.  The  history  of  every  art  gives  us  plenty  of 
iDnitntions  to  show  what  apparently  trifling  circumstances 
Imtc  led  to  the  use  of  some  particular  substance,  and  how 
long  it  has  been  before  that  substance  has  given  way  on 
tke  introduction  of  a  new  material,  even  though  the  new 
ontenal  was  confessedly  superior  to  that  previously  in 
DK.  The  cause  of  this  has,  no  doubt,  in  part  been  the 
tCDicity  with  which  men  in  all  cases  cling  to  old  customs 
iod practices,  and  the  cautious  disinclination  which  prudent 
Ml  generally  have  to  enter  into  a  new  process ;  w  hilst  in 
Buiy  casea  it  has  certainly  arisen  from  a  combination  of 
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in  qnality  which  maoy  of  these  substances  exhibit,  resolt- 
ing  from  want  of  care  and  attention  in  their  collection  and 
preserx'ation.  A^lien^  for  example,  we  find  that  a  anb- 
stance  imported  from  India  as  gum,  and  intended  to  be 
a  substitute  for  gum  arable,  is  the  product  of  at 
t  twenty-four  different  trees,  collected  indiscriminately, 
1,  in  fact,  is  a  mixture  of  gums,  resins,  gum-re^ins,  and 
impurities  of  all  sorts,  it  is  not  difficult  to  understand  why 
it  should  be  in  little  esteem,  and  fetch  but  a  small  price 
in  oar  markets.  A  small  portion  of  the  mUture  is  excel- 
lent, but  it  is  almost  rendered  useless  by  the  quantity  of 
trash  sent  with  it;  to  remedy  this,  it  must  be  carefully 
bandpieked,  and  that,  of  course,  still  further  diminishes  its 
value.  In  the  East  Indian  collection,  which  was  unques- 
tionably the  richest  and  most  interesting  series  in  the 
whole  Exhibition;  there  were  several  specimens  of  well- 
known  substances  from  new  localities ;  amongst  these  I 
would  mention  the  shellac  from  Singapore.  It  is  stated 
that  this  important  resin  may  easily  be  collected  in  almost 
unlimited  quantities  in  the  neighbouring  junglea  of  the 
Peninsula.  Now  the  value  of  shellac  varies  very  greatly, 
according  to  the  tree  from  which  it  is  collected,  and  othw 
circumstances ;  and  the  lac  brought  over  is  sometimes  so 
inferior  as  to  be  of  very  little  use  to  the  manufacturer 
if  more  care  is  not  used  in  its  collection,  the  trade  in  it 
will  very  probably  ere  long  begin  to  fall  off,  as  some  of 
the  other  and  less  uncertain  resins  come  more  into  us€^ 
and  gradually  replace  it. 

In  connexion  with  gums,  we  must  not  forget  the  very 
excellent  artificial  gum,  which  is  now  so  largely  made  for 
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dofwn  upon  sach  knowledge.  The  practical  uses  of  any 
^ubatance,  the  wants  and  difficulties  of  the  manufacturer, 
^'^  legarded  as  mere  trade  questions,  vulgar  and  low — 

m 

"iQipIe  questions  of  money.     On  the  other  hand,  mere 
^^Q  of  business  do  not  feel  the  want  of  such  knowledge, 
'^^Ctuaey  in  the  first  place,  they  are  ignorant  of  its  existence, 
^^d  secondly,  because  they  do  not  see  how  it  could  aid 
them  in  their  business ;  and  if  it  should  happen  that  an 
enterprising  manufacturer  desires  to  learn  something  of 
^e  cultivation  and  production  of  the  raw  material  with 
▼hich  he  works,  he  generaUy  finds  it  quite  impossible  to 
obtain  any  really  sound  and  useful  information.     In  such 
cases,  if  he  is  a  man  of  energy  and  of  capital,  he  often  is 
tt  the  cost  of  sending  out  a  properly  qualified  person  to 
soine  distant  part  of  the  globe,  to  learn  for  him  those 
practical  details  which  he  desires  to  know.     This  is  no  un- 
common thing ;  and  many  cases  might  be  stated,  showing 
the  great  advantages  which  have  arisen  to  those  who  have 
thus  gained  a  march  upon  their  neighbours. 

Tliis  want  of  knowledge,  arising  as  it  does  from  a  want 
^  communication  between  the  first  producer  and  the 
iBiim&cturing  consumer,  is  the  great  cause  why  some  of 
oor  manufactures  advance  so  slowly,  and  why  some  branches 
tf  commerce  are  in  so  depressed  a  state.  A  moment's 
(ODsderation  will  suffice  to  show  the  bearing  of  this  fact. 
I<t  OS  take  the  case  of  a  gum,  a  resin,  or  a  vegetable 
Qtnct,  collected  by  a  native  in  the  vast  forests  of  llin- 
doitan,  and  used  by  the  calico-printer  of  Manchester : 
vliit  connexion  have  these  two  with  each  other  ?  and  what 
bumledge  has  the  former  of  the  purposes  to  which  it  is  to 
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bcipplicd,  or  the  latter  of  the  sources  whence  it  is  derivedt 
The  native  collector  sells  the  raw  produce  to  the  natr 
bujTT  or  broker,  having  generally  taken  care  to  adulteratt 
it  to  a  greater  or  leas  extent ;  the  native  broker  sells 
again  to  the  merchant ;  the  merchant  consigns  it  to  a  honw 
in  England ;  and  the  English  house  employs  their  broker 
to  introduce  it  to  the  manufacturer.  Perhaps  the  article, 
from  careless  collection  or  from  intentional  adulteration,  is 
greatly  depreciated  in  value ;  still  the  mannfacturer  most 
use  it,  for  he  cannot  get  any  better :  he  consults  his  broker, 
and  learns  that  it  is  the  best  in  the  market,  and  that  it 
always  comes  over  in  that  state.  So  matters  go  on  from;' 
generation  to  generation;  and  for  want  of  a  little  know* 
ledge,  rightly  applied,  all  parties  persevere  in  a  systenk' 
which,  whilst  it  invariably  increases  labour,  at  the  same 
time  certainly  diminishes  profit. 

It  would  lead  me  too  far  from  the  subject  now  under 
our  consideration,  were  I  to  consider  the  effects  produced 
in  trade  by  these  "  middlemen  "  and  intermediate  agents. 
I  would  now,  therefore,  only  point  out  to  you  the  effect 
which  they  produce  in  retarding  the  spread  of  knowledge. 
No  donbt,  such  a  system  has  its  advantages,  as  well  as  its 
objections ;  that  it  tends  to  keep  up  the  old  rule-of-lhumb 
mode  of  going  on,  there  is  likewise  no  doubt;  and  slao, 
that  with  all  its  faults,  and  the  inconveniences  which 
causes  to  manufacturers,  they  would  be  very  sorry  to  »ee' 
it  in  any  way  changed.  It  sometimes  happens  that 
merchant  rashly  endeavours  to  set  aside  the  old  prejudice 
and  presumes  to  bring  his  goods  directly  to  the  manu- 
facturer ;  if  he  does  so,  he  is  generally  eyed  with  distruat 
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ud  SQspicion^  and  is  told,  as  I  have  DOt  unfrequently 

iDTBdf  heard,    ''  Really  we  cannot  entertain  the  thing  in 

tUifbrm;  you  had  better  send  it  to  us  in  the  ordinary 

^,  through  a  broker/'    I  do  not  for  a  moment  mean  to 

^  that  this  may  not  be  the  most  business-like  mode  of 

poeeeding;  my  object  merely  is  to  point  out  how  this 

iJfitaD  tends  to  check  improvement,  and  how  the  manu- 

^tctorers,  though  they  suffer  from  its  effects,  cherish  and 

nmhme  to  uphold  it.     It  may  be  taken  as  a  pretty  well- 

iMertuned  fact,  that  only  those  manufactures  are  in  a 

wDy  progressive  state,  of  which  the  producer  of  the  raw 

Ottterial  and  the  manufacturing  consumer  are  in  more  or 

K»  direct  communication,  and  where  there  is  a  mutual 

howledge  of  the  capabilities  of  the  one,  and  the  require- 

*Dent8  of  the  other.     When  there  are  many  intermediate 

^U  between  the  two,  it  is  long  before  the  complaints 

^  the  manufacturer  reach  the  ears  of  the  first  producer, 

^»  wd  it  must  be  many  years  before  the  improvement  which 

tke  former  desires  can  be  brought  about. 

Such  a  system  of  trade  offers  no  facilities  for  the  intro- 
duction of  new  kinds  of  vegetable  raw  produce;  a  new 
"^duttnce,  like  a  new  process,  is  looked  on  with  distrust. 
*t "  is  not  in  the  market ;"  the  broker  does  not  know  it, 
^  that  is  nearly  the  same  as  pronouncing  it  of  no  value  : 
it  is  put  up  to  auction,  sold  for  a  tenth  part  of  its  value, 
•od  what  becomes  of  it  is  a  mere  chance.  Sometimes  it 
^  into  the  hands  of  clever  and  enterprising  men,  a 
dcQuod  for  it  rapidly  arises,  and  it  is  then  afterwards 
hwmght  to  market;  but  more  frequently  it  is  thrown  aside 
*  Qseless,  because  no  pains  are  taken  to  apply  it  in  the 
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might  not  be  advantageoualy  substituted  for  them.  Of 
late  yean  sttcutioD  has  been  paid  to  some  of  the  many 
good  vegetable  oils  of  Asia  aud  Africa,  and  large  quan- 
tities have  been  imported ;  yet  there  are  still  many  which 
are  quite  as  good,  but  almost  unknonn,  thougli  uew  oiU 
are  anxiously  desired  by  candle  and  soap  makers,  by  wool- 
apinnera,  by  engineers  in  general  fur  diminisbiag  friction, 
and  for  various  other  purposes.  Cocoa-nut  aud  palm-oil 
have  been  ciitensivcly  imported  from  Ceyton  and  the  coast 
of  Africa,  chiefly  for  the  manufacture  of  candles  ;  but 
there  arc,  besides  these,  at  least  two  dozen  other  sohd 
vegetable  oils,  almost  unknown  to  commerce,  and  well 
worthy  the  attention  of  manufacturers,  such  as  the  vege- 
toble  tallow  of  the  Valeria  indica,  the  fat  of  the  various 
Bassias,  the  oil  of  the  Carapa,  the  oils  of  the  Garcinia  and 
of  the  Veruonia,  the  vegetable  tallows  of  China  aud  the 
Archipelago  Islands.  The  various  vegetable  waxes,  too, 
of  which  there  are  likewise  many,  and  which  may  be  had 
largely  in  Mexico,  South  Africa,  and  North  America,  de- 
serve notice.  Some  of  these  substances  are  already  becom- 
ing known  to  manufacturers,  especially  certain  of  the 
kinds  of  vegetable  fallow  from  China;  and  the  importation 
of  vegetable  was  is  increasing.  Till  recently,  indeed,  the 
latter  substance  could  not  be  imported  into  England,  for 
the  high  dnty  imposed  upon  it  amounted  to  a  prohibition. 
T^'hilst  bees'  wax  paid  a  duty  of  10s.  per  cwt.,  vegetable 
wax  was  charged  5/.  12».,  or  at  the  rate  of  112/.  per  tou. 
Recently  the  duty  has  been  equalized,  and  the  pi-otection 
which  long  existed  in  favour  of  bees  has  been  withdrawn. 
Amongst  the  tiuid  fixed  oils,  similar  facts  are  t 
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^'^scmd ;  tbere  are  many  excellent  oils  wbolly  unknown 

^  oommeroe,  bat  admirably  adapted  to  tbe  wants  and  re- 

f^Uiements  of  manufiftcturers;  tbese^  too^  are  waiting  for 

'^xzie  fortunate  eircumstance  to  bring  tbem  to  tbe  notice 

^*  those  able  to  turn  them  to  practical  uses.     Let  us  bope 

^^t  it  may  not  be  tbe  devastating  and  paralysing  influence 

^^  ^war  which  shaU  give  rise  to  the  introduction  of  these 

'^iMtances !     I  might  mention  many  curious  facts  to  show 

J^^^^r  difBcnlt  it  is  to  introduce  a  new  article  of  trade,  how- 

'^^^T  good,  if  in  any  way  it  interferes  with  the  established 

c^s^ttom  and  routine  of  commerce,  and  how  in  some  cases 

1^  oan  only  be  brought  in  under  a  false  name,  in  order  to 

ob^jjn  an  entrance  into  our  ports !     Till  quite  recently  the 

1^21  «eed  oil  required  for  Government  use,  throughout  the 

Ix^dian  empire,  was  wholly  sent  out  from  Europe ;  and  it 

^  only  within  the  last  few  years  that  it  has  been  found  out 

^M  the  native-grown  linseed  is  quite  as  good  as  the  best 

vhich  can  be  had  from  Europe. 

In  preparing  oils  for  exportation,  some  care  and  atten- 

^HSfQ  must  be  paid;   when  well  expressed,  oil  has  little 

^^idency  to  change,  but  when  prepared  in  a  careless  and 

dorenly  manner,  contaminated  with  mucilage  and  other 

^>^ten  firom  the  seed,  it  soon  becomes  rancid,  and  then 

^  not  bear  a  sea  voyage  of  any  length.     The  value  of 

^Qtte  new  oik,  therefore,  will  mainly  depend  on  the  care 

^  skill  bestowed  upon  their  preparation :  if  expressed 

*ith  rude  and  imperfect  machinery,  they  will  arrive  foul, 

diKoloured,  rancid,  and  of  little  value ;  whilst,  if  carefully 

prepared,  they  will  come  over  fresh  and  sweet,  and  fit  for 

SDy  porpoie  in  the  arts  to  which  they  may  be  appUed. 
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Again,  in  collecting  these  oils  in  our  colonies  and  el 
where,  some  system  mnsl  be  adopted  for  the  cultivatiaa 
and  preservation  of  the  plants  yielding  them  ;  the  supplj- 
canDot  fail  to  be  small  and  uncertain,  if  the  same  reckless 
mode  of  cutting  down  trees  is  adopted,  as  has  been  the 
case  with  the  trees  yielding  gutta  petcha  and  caontchooc, 
— a  system  which,  gradually  but  surely,  leads  to  the  ex- 
tinction of  the  trees  themselves.  TbL-ae  remarks  may  to 
some  seem  almost  self-evident,  but  they  are  neverthdess 
generally  overlooked,  and  the  usual  consequences  are  dis- 
appointment, failure,  and  ruin. 

Several  of  the  little  known  volatde  oils  were  highly 
interesting ;  the  sweet-scented,  fragrant  ones  are  all  of 
value,  though  their  importance  in  the  arts  is  fast  diminiab- 
ing,  as  the  progress  of  science  brings  us  nearer  and  Batnr 
to  the  mode  of  preparing  them  artificially.  Amongst 
these  oils  several  are  of  value,  in  consequence  of  their 
strong  solvent  powers  over  resin.  Thus,  for  example,  we 
have  the  excellent  oil  of  the  Eucalyplus  piperita  and  Lep- 
iispermum,  from  New  South  Wales; — that  coimtry  yield- 
ing at  the  same  time  valuable  resins,  and  essential  otla 
capable  of  dissolving  them,  and  thus  of  rendering  tbi 
practically  useful  in  the  arts. 

In  connexion  with  this  part  of  my  subject,  1  would' 
also  draw  your  attention  to  a  class  of  curious  empyreu- 
ntatic  volatile  oils,  obtained  by  the  destructive  distiUatioii 
of  the  bark  of  trees,  such  as  the  birch-oil  of  Russia,  used 
in  the  manufacture  of  Russian  leather,  and  from  which  it 
derives  its  well-known  fragrant  odour,  and  its  power  of 
withstanding  the  attacks  of  insects  and  the  progreia  of 
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itxtj.  This  ofl  does  DOt  appear  to  be  so  well  known  as  it 
deaotes;  it  might  probably  be  used  for  other  purposes 
bttides  the  preservation  of  leather ;  it  is  possible,  likewise, 
tbt  aimilar  oils  might  be  obtained  by  the  destructive  dis- 
tiDition  of  the  bark  of  other  trees. 

Dtes. 

niere  is,  perhaps,  no  art  which  has  undergone  more 
miportant  changes  and  alterations  during  the  last  half 
ttntnry  than  that  of  dyeing;  and  here,  as  in  all  other 
hmches  of  applied  science,  we  find  many  points  of 
oiterest  in  studying  the  vegetable  raw  products  employed, 
viueh  are,  as  it  were,  the  ores  from  which  precious  metal 
>  to  be  extracted,  by  the  skill  and  knowledge  of  the 
ouam&ctnrer.  Some  of  these  changes  were  shown  in  a 
^  interesting  and  instructive  way  in  the  Great  Exhi- 
bition, where  we  had  the  rude  but  efficient  dye-stuffs  of 
^  ancestors,  contrasted  with  the  more  elaborate  pro- 
^f*fe^  and  more  refined  dyeing  materials,  of  the  present 
^;  it  the  same  time,  it  is  impossible  not  to  recognise  the 
Gently  progressive  character  of  the  art,  which  we  may 
^y  tnticipate  will  undergo  as  important  changes  in  the 
^^iQung  half  century,  as  it  has  experienced  during  the 
P>^  To  some  extent  we  may  form  an  estimate  of  the 
^  to  which  the  art  has  arisen  in  each  country,  by  ob- 
'crring  the  dye-stuffs  employed;  and,  in  most  cases, 
*We  woad,  bugloss,  and  weld,  are  the  chief  sources  of 
^^  red,  and  yellow,  we  may  safely  conclude  that  compa- 
,  ntivdy  Uttle  progress  has  been  made  in  the  application  of 
Poetical  science  to  the  art  of  dyeing. 


It  waold  be  tanigBk  to  oar 
ataD  mlo  the  oprritinw  of  Ae 
ibi^  eonfine  mjKif  to  the 
lit,  tfBbt 
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of  lirn^  anc  aic:  TCBoh  ioDt  intcifipi:  'Uum.    ur  zbt  msi 


N  THE  AKTS  AND  MANUPACTcai 


263 


T  their  crop  of  madder  was  inferior  to  aone.    The  value 
Rgf  all  these  dye-stufis  depends  on  the  care  bestowed  on 
their  cultivation,  and  upon  the  attention  paid  to  their  col- 
lection and  preservation,  so  that  they  may  not  suffer  in- 
jury, either  from  carelessness,  or  from  adulteration.     The 
importance  of  vegetable    colouring  matters    generally  is 
somewhat   diminished   by  the  numerous  chemical  diaco- 
which    have    introduced   to   the   dyer    mineral    or 
wrganic    substitutes  ior  many   of  them  ;    but,    at   the 
pue  time,  chemical  science  has  so  greatly  improved  most 
I  the  processes  of  dyeing,  that  the  dyer,  by  means  of  its 
idj  is  now  able  to  get  many  colours  from  the  old  veget- 
pble  dye-stuffs,  which  were  quite  out  of  the  power  of  his 
The  improvements  in  calico-printing,  and 
reing  in  many  colours,  have  gradually  given  rise  to  a 
mand  for  new  colours  and  new  dyes,  so  that  at  the  pre* 
nt  time  good  or  promising  new  colours  are  received  with 
I  considerable  degree  of  interest.     Fortunately,  there  are 
nay  of  these,  and  not  a  few  which  may  be  had  in  large 
lantities,  and  at  low  prices. 
Owing  to  the  progress  of  the  art,  many  colouring  mat- 
whieh  a  few  years  since  were  regarded  as  of  little  or 
I  value,  arc  gradually  rising  in  estimation ;  when  first 
introdueed,  they  were  tried  as  substitutes  for  the  ordinary 
dye-stuffs,  and  were  treated  in  the  same  way  as  those  dye- 
stuffs  commonly  were  ;  the  result  was  far  from  promising, 
and  they  were  accordingly  condemned.     Now,  however, 
new  modes  of  operating  are  introduced,^ — the  colouring 
INtter  is  treated  in  accordance  with  the  known  laws  of 
lemiatry;   and   good  and  useful  colours  are  obtaiiieJ 


I 


and  inipravemcDts  in  the  art  of  dyeing,  ant 
»io«I«  of  dyeing,  as  vtcll  as  new  dyes,  big 
A  tlye  which  serves  well  for  wool  or  cottot 
will  not  take  on  silk  or  flax  ;  and,  consetjueDt 
will  da  very  well  for  any  one  of  thtae  fibres 
little  use  for  a  mixed  fabric  composed  of 
fibres.  Amongst  some  of  the  little  known  ni 
India  and  other  countriee,  there  are  many 
of  careful  examination ;  sueh,  for  exam] 
indi^  of  the  Shan  coanti;,  the  black  «l}-e 


rown  nj 

mple,  aJ 
Ij-e  of  N 


]>;«-3tii&,  for  the  most  part,  are  boIkT  and 
Mances,  the  carriage  of  which  for  anr  dirtane 
or  ettn  by  water,  makes  a  xrrj  aaiana  addilii 
coat;   and,  coBaajnently.  everr  mode  of  nn 
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^^Deast  fifty  per  cent.     The  loss  thns  sustained  is  often  set 
^"  down  to  "  the  natnre  of  the  drug,"  and  not  to  the  careless 
habits  of  those  employed  in  collei^ting  it ! 

When  we  remember  how  many  thousand  tons  of  dyeing 
woods  are  annually  imported,  and  how  many  thousand 
tons  of  it  are  absolutely  useless  woody  fibre,  we  cacnot 
help  coming  to  the  conclusion  that  here  chemical  science 

i Blight  be  applied  with  great  advantage,  and  that  if  eolo- 
lusts  could  be  taught  how  to  extract  and  concentrate  the 
|rue  colouring  principles  of  these  woodsj  much  unprofitable 
Isboor  and  expense  would  be  saved ;  nay  more,  these  con- 
Mntrated  dye-stuffs  might  be  profitably  imported  from 
places  from  which  the  cost  of  carriage  would  altogether 
prevent  the  importation  of  the  dye-stuff  in  its  raw  state. 
Thia  is  a  matter  of  great  practical  importance,  and  on 
which  has  not  yet  received  that  attention  which  it  deserves ; 
there  are  no  doubt  difficulties  in  the  way,  but  after  the 
many  triumphs  which  science  has  achieved,  we  surely  need 
not  be  deterred  by  any  ordinary  diificulties.  The  consi- 
deration of  this  subject  naturally  leads  to  one  very  closely 
connected  with  it,  namely,  the  various  substances  used  in 
toDning ;  in  which,  to  some  extent,  the  object  just  sug- 
gested has  already  been  realized.  The  most  experienced 
tanners  all  agree,  that  no  suhsfance  has  yet  been  intro- 
duced, capable  of  replacing  good  oak-bark  in  their  art, 
but,  at  the  same  time,  they  readily  allow  that  many  sub- 
stances arc  of  great  value  as  aids  to  oak-bark,  and  in  the 
preparation  of  particular  kinds  of  leather.  The  number 
of  astringent  barks  and  woods  suitable  for  this  art  is  very 
large  j  but,  with  few  exceptions,  the  cost  of  freight  would 
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iration,   though    they   unquestionably   exert   a  moat 

Biarkahle  inflaeace  iu  modifyiDg  the  nature  of  the  fibre, 

!  caused  by  distinct  varieties  in  the  plant  itself. 

nists  have  shown  that  there  are  at  least  four  separate 

i  well-mark cds  pecies  of  the  genus  Gossyptum,  namely, 

KBarbadeTige,  oS  which  Sea  Island  and  Bourbon  cotton 

^  varieties ;   G,  Peruvtanttm,  the  Pernambuco  or  Brazil 

n ;  G.  Arboreum,  which  yields  the  Nurma,  or  native 

ton  of  India ;  and  G.  Indicum,  the  cotton  of  the  Medi- 

nncan,  Africa,  India,  China,  &c.     Of  these,  the  Sea 

ad  boa  the  longest,  and  the  Bengal  the  shortest  staple 

I  The  chief  supplies  of  this  important  article  are  obtained 
Q  the  United  States,  for  about  8'1  per  cent  of  the  whole 
Mntity  of  cotton  animally  consumed  in  Great  Britain  is 
Mfted  from  North  America ;  about  10  per  cent  from 
I  East  Indies ;  nearly  -l  per  cent  from  Brazil ;  and 
Qier  more  than  2  per  cent  from  the  Mediterranean.  In 
3  America  the  cotton  plant  grows  freely  and  liuciui- 
Itly,  and  its  cultivation  and  the  collection  of  the  fibre 
lave  reached  such  a  state  of  systematic  excellence,  that 
there  appears  little  further  improvement  to  desire.  The 
Sea  Island  cotton  is  long  and  yet  fine,  strong  and  at  the 
same  time  silky ;  whilst  from  the  careful  manner  in  which 
the  crop  is  gathered,  the  excellent  mode  in  which  the  seeds 
are  separated  from  the  fibre,  and  the  good  arrangements 
followed  in  cleaning  and  packing  it,  the  North  American 
cotton  reaches  Europe  in  the  best  possible  condition  fur 
Hi^ltie  subsequent  operations  of  the  manufacturer. 
^K     Next  in  importance  as  cotton -prod  accrs  stand  the  Bri- 


mortcr  rib  re  tban  that  of  North  Americ 
bestowtd  on  its  cultivation  and  collection,  i 
18  taken  to  protect  it  from  injury,  after 
That  the  fibre  is  good  and  fit  for  uianufacturiH 
is  evidcul ;  for  the  nmsUns  woven  in  the  lool 
have  long  shown  how  the  labour  and  ingenl 
DBtivea  could  with  this  cotton,  even  in  spite  I 
cultivation,  and  imperfect  methods,  more  tl 
European  skill,  though  aided  with  all  the  apj 
modern  science  and  mechanical  invention, 

For  a  long  aeries  of  years  the  attention  c 
India  Company  has  been  directed  to  the  impra 
the  cotton  cultivation,  and  many  costly  experitn 
been  made.  In  general,  the  result  of  these  atti 
been,  that  little  success  has  attended  the  intro< 
long  staple  Sea  Island  cotton  into  India.  At 
time,  however,  it  has  been  moat  satisfactorily  pn 
with  due  care  and  attention,  eiccllent  New  Orle 
may  be  cultivated  in  the  Indian  Empire ;  and 
has  been  shown,  that  with  improved  cultivation, 
modes  of  cleaning,  and  with  constant  care,  t 
Indian  cottons  "-nr  hf  ii^— ^^J^^^M 
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f  those  who  cultivate  it  j  and  that,  with  continued  care 
il  attention,  and  by  persevering  in  the  introduction  of 
mproved  miithods,  a  complete  change  will  in  time  be 
Feffected,  so  that,  ere  long,  any  quantity  of  sound  and  good 
eottOQ  may  be  imported  for  the  use  of  manufacturers  from 
British  India. 

The  cotton  at  present  imported  from  the  British  eoio- 
niea  docs  not  quite  amount  to  a  million  pounds  yearly, 
not  an  eighth  part  of  one  per  cent  of  the  whole  quantity 
imported ;  it  is,  however,  rapidly  increasing,  and  as  regards 
quality,  is  highly  deserving  of  praise.  The  cotton  of  Bri- 
tish Guiana  is  excellent,  and  some  of  tbat  lately  sent  over 
from  the  South  African  colonies  is  also  very  promising. 
Considerable  progress  is  also  being  made  in  the  cultivation 
of  cotton  in  the  northern  parts  of  Africa ;  the  specimens 
gontributed  from  Algeria  give  ample  evidence  that  its  cul- 
ration  has  been  well  and  judiciously  carried  on,  and  are 
t  creditable  to  the  colonists. 
The  operation  of  cot  ton -cleaning  is  one  of  very  great 
IBportance,  for  unless  it  is  well  and  properly  carried  on, 
■H  the  previous  cares  of  the  planter  are  of  little  avail ;  by 
the  term  "cleaning"  is  not  meant  the  separation  of  acci- 
dental impurities,  hut  the  removal  of  the  seeds,  which  is 
either  effected  by  an  appropriate  mechanical  arrangement 
called  a  "  aaw-gin,"  or  by  a  simple  roller ;  considerable 
^  .difference  is  found  to  exist  between  the  different  varieties 
i  cotton,  in  the  force  with  which  the  fibre  adheres  to  the 
in  the  black-seeded  varieties  it  separates  easily, 
prbilst  in  the  green-seeded  cotton  it  adheres  so  firmly,  that 
I  only  be  separated  by  the  use  of  the  saw -gin.     In 


it  ijj  obvious  that  this  is  a  strioue  fa| 
iujury  done  cannot  be  remedied  by  any  3 
ment.  I  mention  it  now  chiedy  becausi;  s( 
cotton  ithown  iu  the  Exhibition,  though  befl 
clean,  fine,  and  strong,  was  evidently  injJ 
over-ginned. 

And  here,  before  dismissing  the  Gubjec 
would  Bay  n  few  words  respecting  Mr.  Mere! 
cess  for  modifying  its  chemical  and  physical  f 
only  because  it  received  the  marked  approval 
but  also  because  it  seems  likely  to  produce  ve 
alterations  in  the  manufacture  of  cotton  gen 
6bre  of  ct)tton,  when  examined  by  a  lens, 
consist  of  a  flattened  or  ribbou-sbaped  tube ; 
with  a  cold  stroug  solution  of  caustic  sodi 
Mercer's  process,  it  appears  to  shrink,  and 
form  of  a  simple  cylinder ;  thus  three  import 
remarkable  alterations  occur  at  the  same  tim 
becomes  stronger,  it  acquires  increased  a 
colouring  matter,  and  it  becomes  smaller :  tl 
at  once  cheap  and  efieetual,  and  the  cotton 
increased  in  value,_^^Iu_BUilMi^^ri^^^H 
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I  feature  of  thta  discovery  that  the  valuable  properties 
conferred  upon  the  cotton  are  not  only  not  gained  at  the 
iecrifice  of  ita  strength,  but,  on  the  contrary,  are  even 
tccoini>anied  by  an  increase  of  tenacity. 


Flax. 


Passing  next  to  the  eonsideration  of  flax  and  hemp,  a 
anbject  of  peculiar  interest  at  the  present  time  in  this 
country,  I  must  briefly  remind  you  of  the  leading  prin- 
ciples followed  in  their  preparation,  before  speaking  of  the 
■  present  state  and  future  prospects  of  this  important  branch 
I  of  national  industrj-.  The  stem  of  these  plants  conaists 
LjBsentially  of  a  woody  core,  and  a  sheath  of  fibrous  matter 
rrounding  it,  cemented  together  by  a  peculiar  sort  of 
jetable  glue,  which  binds  the  whole  into  one  solid  reed 
r  stem.  In  the  preparation  of  flax,  the  great  object  in 
view  is  the  removal  of  this  matter,  so  that  the  fibrous  part 
being  no  longer  bound  together,  may  be  easily  separated 
from  the  woody  part  of  the  stem.  This  vegetable  glue  is 
iosoluble  in  water,  but  when  steeped  in  that  liquid,  or 
indeed  when  exposed  to  moisture,  it  soon  begtna  to  fer- 
ment or  undergo  a  sort  of  alow  putrefaction.  For  ages  it 
has  been  the  practice  to  cause  this  alow  putrefaction  of  the 
stems,  cither  by  exposing  the  flax  plant  to  the  dew,  or  by 
Steeping  it  in  ponds  or  pits  of  stagnant  water,  or  by  sinking 
it  in  the  bed  of  a  deep  and  slowly  flowing  river.  To  all  of 
these  three  modes  there  are  serious  and  strong  objections ; 
putrefaction  is  a  slow,  irregular,  uncertain,  and  unwhole- 
^^-aome  process,  it  takes  up  much  time,  and  the  result  is 
^^hmcertain,  because  if  it  ia  not  closely  watched  it  may  easily 


i 
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ir  crop  of  madder  was  inferior  to  none.  The  value 
of  all  tlieae  dye-ctofb  depends  on  the  care  bestowed  on 
tbdr  cdtivatioDj  and  upon  the  attention  paid  to  their  col- 
kdioQ  and  picaeriation,  so  that  they  may  not  suffer  in- 
jury, either  firom  carelessness^  or  from  adulteration.  The 
iBportance  of  v^etable  colouring  matters  generally  is 
tomeirliat  diminished  by  the  numerous  chemical  disco- 
icriei  whidi  have  introduced  to  the  dyer  mineral  or 
inorginie  sabsdcntes  ^or  many  of  them ;  but,  at  the 
ame  time^  chemical  science  has  so  greatly  improved  most 
of  tlie  processes  of  dyeing,  that  the  dyer,  by  means  of  its 
m1,  ii  now  able  to  get  many  colours  from  the  old  v^et- 
lUe  dye-stuffs,  which  were  quite  out  of  the  power  of  his 
predecessors.  The  improvements  in  calico-printings  and 
djeing  in  many  colours,  have  gradually  given  rise  to  a 
denuDd  for  new  colours  and  new  dyes^  so  that  at  the  pre- 
test time  good  or  promising  new  colours  are  received  with 
t  considerable  degree  of  interest.  Fortunately^  there  are 
>nif  of  these,  and  not  a  few  which  may  be  had  in  large 
fiantities,  and  at  low  prices. 

Owing  to  the  prepress  of  the  art,  many  colouring  mat- 
^  which  a  few  years  since  were  regarded  as  of  little  or 
^  value,  are  graduaDy  rising  in  estimation ;  when  first 
introduced,  they  were  tried  as  substitutes  for  the  ordinary 
'fe-ituSs,  and  were  treated  in  the  same  way  as  those  dye- 
ttofii  commonly  were ;  the  result  was  far  from  promising, 
•»d  they  were  accordingly  condemned.  Now,  however, 
^ew  modes  of  operating  are  introduced, — the  colouring 
Wter  is  treated  in  accordance  with  the  known  laws  of 
dienustry;   and  good  and  useful  colours  are  obtained 
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process  which  shall  give  us  the  means  of  preparing  hemp 
and  flax  without  the  use  of  fermentation,  will  probahty  a\m 
enable  us  to  use  many  other  vegetable  fibres  quite  as  good, 
if  not  even  better,  for  most  purposes,  than  they  are. 
Amongst  the  fibres  of  India,  and  of  South  America  i 
particular,  there  are  several  which  promise  hereafter  to  be 

the  greatest  value;  I  would  now  only  mention  the 
Jetee,  or  bow-string  hemp  of  Rajmehal ;  the  fibre  of  the 
Caiolropia  or  Ascfepias  tenacissima,  and  the  fibres  of  the 
Senteveria  and  Htbiscns. 

The  attention  of  practical  men  has  been  long  directed 
to  the  strong  and  very  beautiful  fibre  of  the  eo-callcd  China 
grass,  which,  it  has  recently  been  shown,  is  closely  allied 
tOj  if  not  identical  with,  the  Calooee  hemp,  or  Rhea  fibre 
of  India.  A  simple  but  efficacious  method  of  preparing 
this  valuable  fibre  has  lately  been  devised  by  Messrs. 
Wright,  depending  chicfiy  on  the  solvent  powers  of  a  hot 
solution  of  carbonate  of  soda,  and  its  use  is  consequently 
rapidly  increasing,  particularly  in  the  formation  of  mixed 
fabrics;  when  well  prepared  it  has  all  the  lustre  and  bril- 
liancy of  silk.  There  is  no  doubt  that  with  a  little  trouble 
this  fibre  may  be  had  in  almost  unlimited  quantities  ^m 
India. 

Before  dismissing  the  subject  of  these  vegetable  fibres, 
let  me  remind  you  of  the  beautiful  silk  cotton  obtained 
from  the  Bombax  and  other  trees  in  various  parts  of  the 
world.  This  fibre  is  short  and  remarkably  elastic,  though 
at  the  same  time,  unfortunately,  very  tender ;  it  is  in  India 
spun  into  a  loose  and  coarse,  but  very  warm,  cloth ;  whilst 
in  Euroftc  it  is  generally  considered  as  of  no  value ;  lately 
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it  liu   boeii   applied  advantagcoualj  in  Americs  to  | 
niftnufkctiirc  of  silk  hats,  for  which  pnrpoae  it  is  ■ 
ftiMWvT  ndmirikbly.     Of  these  fibres,  likewiae,  ahaovt  tui- 
liiuitt'd  qnniitities  may  be  had. 

TlUDER. 

And  now,  turning  to  the  last  class  of  raw  prwiu« 
uDtlrr  owr  (XHiatdcratiou,  let  us  devote  a  few  momenti  w 
ikc  luipoHaiil  division  of  wood  aud  timber ;  a  subject  ^ 
MtiraMkc,  thai  there  arc  few  who  are  oot  more  or  ir** 
itil<pn«li\l  iu  aonio  of  its  numerous  bearings,  aod  the  many 
(uu^Hiisn  to  which  wood  is  applied,  whether  iu  buildu)? 
•4)(H^  Ul  biiiUiii^  houses,  for  engiaeeiiiig  purposes,  01 
MMntjr  w  ut  ulicle  of  ornament. 

1W  <}i»uttl_v  of  wwd  of  nil  kinds,  annually  impo 
L  ^Mt*  CtTMt  Bnlaiu,  is  not  murb  less  than  ten  millioiHl| 
ftftlMe  (M  ;  it  W.  thenfurc,  »  ({tiestion  of  uo  small  wool 
W  kvNHT  ftiMU  whtruee  wc  are  (o  obtain  such  an  eDon 
<^iwnLtty  Ul  (Viturv  yt%n;  which  are  the  best 
wmI  fKvu  wWtw  wr  may  expect  to  obtain  them  i 
«svtM>itw.tdtv,  atul  with  the  least   risk  of  failure  ia| 

IV  iiuiubvr  of  woo<ls  at  present  admitted  as  fi 
iBr  xttip  buildtOK  purpooes  a  not  more  thau eight; 
I  b({htth  xntk,  htv  oak.  African  wk,  teak,  saul,  j 
IHom,  «uJ  truo>bark :  the  tatier  only  ailuiltted  aa  a  f 
ctuM  wootl  aiiKO  the  «^>caiu^  of  the  Great  Exhibitioii.  \ 
uuiubvr  u«m1  Ul  orUiuary  otvhitecture  is,  of  c 
L  nnvUvt ;  aud  the  niutiber  used  &x  the  ordinary  pui 

t  iwrpvutvc  u  very  Wiee,  bccuse  in  each  ctmnti;  1 
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Strongest^  cheapest^  or  handsomest  woods  are  employed, 
according  to  the  purpose  for  which  they  are  required. 

In  tracing  the  history  of  any  large  forest,  it  will  gene- 

nliy  be  found  that  when  man  first  began  to  cut  down  the 

trees,  he  did  so  in  the  most  wasteful  and  reckless  manner, 

^tbout  any  thought  for  those  who  should  come  after  hira. 

The  result  has  usually  been,  that  in  a  brief  period  of  years, 

the  more  valuable  timber  trees  have  become  almost  exter- 

nited,  no  care  having  been  taken,  by  the  regular  forma- 

tim  of  plantations,  to  ensure  a  future  supply.     I  will  say 

nothing  of  the  extent  to  which  this  has  gone  in  foreign 

wwrtries,  where  often  whole  forests  of  valuable  timber 

^  been  burnt  solely  for  the  sake  of  converting  their 

>dies  into  manure,  but  I  will  merely  remind  you  of  the 

S^iduil  destruction   of  timber  which   has  gone  on  for 

notaries  in  our  own  country,  leading,  as  it  did,  almost  to 

^  extermination  of  the  pride  of  the  land,  the  oaks  of 

oU  England !     It  was  not  till  the  matter  became  one  of 

^^'pnt  necessity  that  steps  were  taken  to  stay  the  evil.     It 

•w  the  gradual  falling  off  in  the  supply  of  good  oak  suit- 

*Ue  for  ship-building  purposes  which  led  to  the  importa- 

^  of  foreign  woods,  and  also  to  the  purchase  of  colonial- 

1^  ships ;  and  this  in  turn  has  led  to  a  due  appreciation 

"  fte  real  value  of  some  of  those  woods.     Almost  everj^ 

JW  is  adding  to  the  list  of  acknowledged  good  and  ser- 

^Ked)Ie  timber  trees,  and  new  sources  are  constantly  being 

■•covered. 

It  has  never  before  happened  that  so  large  and  import- 
nt  a  collection  of  woods  has  been  brought  together,  as  wc 
itd  recently  an  opportunity  of  examining  in  the  Great 
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ExUibition,  amounting  as  it  did  to  severa!  thooa 
There  were  good  specimens  of  the  well-known  old  wjd 
of  cumtnerce ;  specimens  of  most  of  the  new  ones  recent 
introduced,  and  of  a  multitude  of  woods  wholly  udIidom 
to  commerce,  a  good  many  of  which  possess  qualities  o 
ciliated  to  render  them  highly  valuable  in  the  arts. 

Aniuiigst  the  less  generally  known  woods  lately  ii 
duccd  iutw  commerce,  mention  may  be  made  of  the  roorr 
and  greeuheart  of  British  Guiana,  both  excellent  for  ahip 
building  ;  and  the  muskwood,  blackwoud,  lIuoD  pine,  UU 
blue  glim  of  Vau  Diemen's  Land;  the  three  formerniiii 
able  as  beautiful  ornamental  furniture  woods,  the  lattetH 
enormous  timber  tree,  which  promises  to  become  of  mnw 
iuipurtanee  fur  ship- building.  Fine  samples  of  the  yicot 
of  various  species  of  Eucalyptus  were  also  contribotet 
from  Western  Australia.  It  was  stated  that  one  of  Aai 
trees,  fourteen  feet  in  diameter,  was  cut  down  on  pttipo^ 
and  that  a  plank  of  that  width  would  ba\'e  been  sent  m^ 
lo  the  Exhibition,  but  that  it  was  found  impossible  to  d*^ 
go,  for  want  of  saws  of  aufficicnl  size  to  cut  up  the  log 
Two  slices  or  sections  cut  from  the  stem  of  one  of  ihfS* 
inagiiilicent  trees  were,  however,  eihil)ited  by  Sir  Williu* 
IViiison,  though,  perhaps,  they  excit<fd  less  attention  thad 
they  deserved,  from  tbe  circumstance  of  their  bein^  hiddel' 
nnder  the  pile  of  Canadian  woods  in  the  centre  of  ih^ 
MMtv ;  the  larger  uf  these  sections  was  about  six  feet  id 
vWxvtrr*  the  smaller  one  nearly  three;  the  first  was  U 
iWr  hxl  ftbovc  the  surface  of  the  ground,  the  latter  a 
%HVAt  of  13-1  ^t,  Just  below  the  first  branch  I 

the  South  African  woods,  too,  there  u  fl 
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deserving  of  notice,  exhibited   tioder  the  name  of  red 

ebony;  of  the  tree  which  produced  it  nothing  is  known, 

^   but  its  nature  is  so  peculiar,  aod  its  properties  as  an  orna- 

I  mental  wood  are  so  valuable,  that  it   is   a  substance  of 

'  CODsiderable  interest.     It  is  dense  and  tough,  has  a  fine 

red  colour,  and  is  so  close  and  uniform  in  ^ain,  that  it 

I  resembles  ivory  rather  than  wood.     It  proraisea  to  be  au 

important  addition  to  the  ornamental  hard  woods  of  com- 

[  oierce. 

It  is  found  that  the  vahie  and  properties  of  wood  vary 
I  very  greatly  according  to  the  soil  and  climate  io  which  it 
.  grows;  it  is  well  known  that  the  oak  timber  grown  iu 
f  neighbouring  parishes  often  varies  in  goodness  to  a  remark- 
able degree,  and  certain  parts  of  England  used  formerly  to 
I  be  celebrated  as  yielding  the  most  valuable  ship  timber. 
I  Precisely  the  same  holds  good  on  a  large  scale,  and  tiie 
I  Hme  tree,  which  grown  in  one  country  affords  a  tirst-rate 
timber,  may  in  another  situation  jneld  a  very  inferior  wood. 
TboB  the  wood  of  a  teak-tree  grown  in  Malabar  will  be 
decidedly  superior  in  quality  to  the  wood  of  one  growo  in 
Monlmein,  and  the  mahogany  grown  in  Cuba  will  be  more 
valuable  than  the  same  tree  grown    in    the    swamps    of 
Honduras.     It  is  unnecessary  to  point  out  the  important 
bearing  of  these  facta  on  the  formation  and  management  of 
forests. 

Next  in  importance  to  obtaining  good  wood,  the  modes 
of  seasoning  and  presening  it  ought  to  be  mentioned  ; 
(Old  when  we  remember  how  prone  vegetable  matter  is  to 
I  deeay,  and  how  much  often  depends  on  the  soundness  of  a 
I  nngle  plank,  I  need  not  my  much  as  to  the  careful  study 


^H  deeay,  and  a 
^H  nngle  plank. 
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and  con^iderstioQ  which  this  subject  deserves.  The  evils 
arising  from  the  decay  of  wood  are  iaoamerable,  and  it  is 
duly  fmia  the  frequenry  of  their  occurrence  that  we  are  at 
last  Ii^d  to  regard  thetii  as  almost  neccssaiy,  aud  without  a 
rL'rtK'dy.  The  decay  of  wood  used  in  buildiags  is,  indeed^, 
a  matter  of  the  most  serious  importance,  but  it  is  far  d 
so  in  all  those  cases  where  the  timber  is  either  aunk  in  C 
ground  or  plunged  under  water-  Let  me  remind  you,  by 
the  n'ay,  that  the  room  iu  which  we  now  are,  aud,  indeed, 
uJ]  the  suiTounding  buildings  on  the  bank  of  the  Thames, 
are  entirely  supported  on  wooden  piles ;  and  these  a 
no  doubt,  in  a  ^eater  or  less  state  of  decay. 

To  meet  these  evils  the  ingenuity  of  man  has  beea  1 
directed,  in  the  first  instance,  to  modes  of  drying  and 
seasoning  woods,  wlierehy  those  matters  in  it  most  liable 
to  decay  are  removed,  or  rendered  more  stable ;  and, 
secondly,  to  methods  of  impregnating  wood  with  various 
substances,  calculated  to  preserve  it  from  change.  It  is 
evident  that  the  merits  of  any  plan  of  this  kind  cannot  bi; 
ascertained  for  a  great  number  of  years,  because  until  it 
shall  have  been  practically  tested  by  satisfactory  trials 
extending  over  a  long  period  of  time,  its  value  cannot  hn 
considered  as  proved,  and  any  premature  statement  can 
only  be  considered  as  an  assertion  or  matter  of  opinion. 
Amongst  those  plans  which  have  excited  most  attention 
are  those  of  Sle.fsrs,  Buiichcric,  Burnett,  Bcthell,  and 
PajTie ;  and  some  of  the  results  already  obtained  are 
certainly  highly  promising.  Ou  the  subject  of  timber,  as 
in  all  the  preceding  classes,  there  is  the  same  want  of 
information,  and  the  same  difficulty  in  le.iming  that  which 
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is  Imown.  Of  the  new  woods  only  just  introduced  for 
ornamental  purposes^  such  as  the  Huon  pine^  specimens 
\kit  long  remained  concealed  in  cabinets  and  museums^ 
ind  veiy  nearly  the  same  may  be  said  concerning  the  more 
important  timber  trees,  such  as  the  iron-bark.  On  the 
other  hand,  of  the  eight  acknowledged  first-class  woods, 
<ne  at  least,  namely,  the  African  oak,  is  the  produce  of  an 
unknown  tree ;  in  fact,  all  that  is  known  about  is,  that  it 
certainly  is  not  an  oak  ! 

In  this  necessarily  very  brief  and  imperfect  sketch  of 
nme  of  the  points  of  interest  connected  with  the  six  great 
inriaions  of  vegetable  raw  produce,  I  have  been  obliged 
•^together  to  leave  out  all  mention  of  the  new  and  unexa- 
iiuned  substances,  of  which  a  considerable  number  have  for 
the  first  time  been  introduced  to  our  notice  in  the  Great 
™ibition :  of  these  I  will  only  say,  I  earnestly  hope  they 
viD  not  be  set  aside  as  mere  curiosities,  that  they  will 
'^wher  be  placed  out  of  reach,  on  the  upper  shelves  of  our 
®^um  galleries,  nor  yet  consigned  to  oblivion  in  their 
eellara! 


Before  concluding,  then,  let  me  remind  you  of  the 
P^eal  conclusions  to  be  drawn  from  this  department  of 
^  Great  Exhibition ;  and  the  facts,  whether  old  or  new, 
^'Uch  it  has  brought  out  in  a  striking  manner. 

Hie  wants,  the  curiosity,  and  the  ingenuity  of  man, 
kre  made  him  acquainted  with  the  uses  and  properties  of 
'i^y  of  the  productions  of  the  vegetable  kingdom ;  but, 
Bc^artheless,  all  that  he  knows,  and  all  that  he  has  done, 
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doc8  Dot  amoiiut  to  a  tenth  part  of  that  which  yet  rcmaiDB 
to  be  studied  and  applied.  Our  trade  and  commerce  is 
but  B  triile  compared  to  the  almost  bouudless  wealth  of 
Nature. 

Our  traders,  our  manufacturers,  and  our  men  of 
Hcience,  are  wholly  ignorant  of  many  matters  cuDnected 
with  these  subjects;  and  the  prejudices  of  men  of  business, 
the  forms  of  trade,  the  regulations  of  the  custom-house, 
the  influence  of  laws,  and  the  indifference  of  men  of 
science,  have  all  contributed  to  retard  the  spread  of  such 
knowledge. 

If  any  one  thinks,  that  in  saying  this  I  ani  at  all 
stating  the  truth,  let  him  endeavour  to  learn  the  hiah 
and  developeraent  of  any  one  trade,  and  he  will  be  sur- 
prised at  the  difficulties  which  he  encounters.  As  1  have 
said  before,  we  have  no  hooks  which  contain  full  and  com- 
plete accounts  of  any  single  class  of  raw  produce,  scientific, 
practical,  commercial,  and  statistical ;  nor  have  we  collec- 
tions in  which  the  things  themselves  are  arranged,  and 
the  information  deposited.  The  books  which  treat  of  these 
matters  arc  meagre  and  incomplete  ;  old  facts  are  left  out 
because  they  arc  old,  and,  perhnp!<,  because  in  the  opinion 
of  the  author,  they  are  of  no  value,  and  no  references  are 
given  to  those  previous  authors  who  have  studied  the 
same  subject.  Our  hard-working  and  laborious  neigh- 
bours, the  Germans,  have  long  felt  the  necessity  of  always 
giving  lists  of  authorities,  and  hence  their  books  arc  in 
many  cases  far  more  valuable  than  our  own,  not  only 
more  full  and  copious,  but  also  of  far  more  use  to  the 
student  after  truth,  because  they  guide  birn,  and  enable 
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iiirn  to  become  a  thorough  master  of  hia  subject  by  refer- 
liug  him  at  ouce  to  the  works  of  all  those  who  have 
■rritteti  upon  it. 

I  On  the  yariouB  branches  of  pure  science  we  have  many 
and  excellent  books ;  but  on  applied  sdeiice,  and  on  the 
relation  of  natural  science  to  the  arts  and  manufactures, 
wc  have  few  deserving  the  name.  lu  the  case  of  tlie 
applications  of  human  ingenuity,  aa  in  that  of  the  produc- 
tions of  Nature,  we  have  the  same  imperfect  means  of 
acquiring  knowledge  —  even  those  inventions  which  have 
received  the  special  protection  of  the  Government, — 
patented  inventions;  if  you  would  trace  the  progress  of 
the  improvement  which  any  art  has  undergone,  you  must 
undertake  a  search  as  tedious,  as  troublesome,  and  almost 
as  expensive,  as  a  search  for  an  old  will   in    the  musty 

:8se8  of  the  Consistorial  Prerogative  Office  ! 

If,  then,  you  would  make  yourself  thoroughly  ac- 
iqnaintcd  with  such  a  subject,  you  must  wade  through 
many  books.  First,  you  will  have  difficulty  in  knowing 
what  books  to  refer  to;  then  you  will  have  trouble  in 
knowing  where  to  find  them :  and  after  all,  when  you 
have  got  over  these  difficulties,  in  all  probability  you  will 
be  disappointed,  because  the  books  will  not  have  taught 
you  half  you  desire  to  know.  Now,  the  practical  result 
that  necessarily  follows  from  these  difficulties  in  the  way 
of  knowledge  is,  that  true  progress  is  retarded ;  time, 
labour,  money,  and  ingenuity,  are  all  wasted,  in  re- 
inventing old  inventions,  and  in  discovering  facts  which  a 
previous  generation  had  already  discovered.  Truly  may 
wc  say,  "  Life  is  short,  but  art  is  long." 
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Tbe  Society  of  Arts  is  one  of  the  chief,  and  for  a  loofc  "-^"i 
time  was,  in  fact,  the  only  public  body  established  for  th  «"»-^ 
proiDotioD  of  industrial  ait ;  and  at  its  first  foundation  i  i 
endeavoured  to  act  the  part  of  a  mediator  betnw:!  th»**  ' 
cultivators  of  raw  produce  and  the  manufacturing  cop-  t*^"' 
Burners.  It  offered  premiums  for  the  discovery  and  iutro-o*^ 
duction  of  all  sorts  of  ueeful  materials,  and  expendec.^'^^ 
considerable  sums  in  developing  the  productive  resource^*^^ 
of  our  colonies.  It  pointed  out  the  wants  and  require — ■^^ 
ments  of  mechanics,  and  at  the  same  time  drew  attention*:^"' 
to  those  articles  of  raw  produce,  which  especially  stood  ii 
need  of  improvement.  The  Society  deserves  the  highest^ 
praise  for  the  good  which  it  has  done,  but  at  the  aamc^ 
time  we  cannot  help  regretting  that  it  has  nut  done  much 
more.  In  the  Great  Exhibition  there  were  innumerable 
examples  of  the  skill  and  ingenuity  wasted  in  re-inventing 
old  inventions ;  and  in  the  same  way  you  would  be  sur- 
prised, on  looking  over  the  early  volnraea  of  the  Society'*  1 
Transactions,  to  find  how  many  of  the  impoitant  i 
tions  of  modern  days  are  contained  in  them.  Let  me  refer  \ 
you,  for  example,  to  the  volumes  for  1775  and  for  1801. 
In  these  you  will  find  references  to  the  silk-cotton,  tho 
cotton-seed  oil,  the  various  East  Itidiiin  fibres,  and  the  Has- 
cotton,  In  Dr.  Roxburgh's  communication'*  are  detailed  J 
experiments  on  the  fibres  of  tho  Corchorut,  the  AseUpiat,  I 
the  Urticag,  or  China-grass,  distinctly  proving  their  value  | 
and  importance, — showing  thcni  to  be  as  good  or  better  I 
than  flax  and  hemp ;  and  yet  more  than  half  a  eentur>'  ha«  , 

•  "TruQH.  So*,  Arte."  vol.  Jixii.  m.  atiB-ilPd ;  i»i\ .  pp.  H3-1C 
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elapsed,  and  tfaeae  fibres  are  only  just  beginning  to  receive 
the  attention  of  man\ifacturcrs.  lu  the  case  of  flax-cotton, 
we  have  recently  been  strongly  impressed  with  the  great 
importance  of  a  discovery  by  means  of  which  the  fibre  of 
flax  can  be  converted  into  a  sort  of  cotton,  capable  of  being 
carded  lite  ordinary  cotton,  possessing  the  advantage,  that 
it  may  be  employed  with  wool  or  cotton  in  the  manufac- 
ture of  mixed  fabrics,  and  having  an  increased  affinity  for 
colounng  matters.  Now,  nearly  all  this  was  done  about 
eighty  years  ago  by  Lady  Muira,  and  is  published  in  the 
Hrst  Volume  of  the  Society's  Transactions.  She  Htatea  that 
low  and  refuse  flax  of  all  sorts,  boiled  with  an  alkaline 
aalutkHi,  and  afterwards  sconred,  is  Ronyerted  into  a  sort  of 
cotton,  which  she  believes  takes  the  dye  better  than  flax. 
Tile  result  of  this  prooess  is,  that  "  the  fibres  separate  from 
<MB  another,"  after  which  it  may  be  carded  like  cotton. 
It  is  highly  interesting  to  obserrc  the  fate  of  Lady  Moira's 
adteme :  she  saya,  "  It  is  plain  that  the  material  of  flax- 
cotton  in  able  bands,  will  bear  manufacturing,  though  it  is 
my  ill  fntune  to  have  it  discredited  by  the  artizaos  who 

wwk  for  me and  getting  spun  an  ounce  of  this 

cotton  in  Dublin  I  fotmd  impracticable.  The  absurd 
alarm,  that  it  might  injure  the  trade  of  foreign  cotton, 
bad  gained  ground ;  and  the  spinners  —  for  what  reason 
I  cannot  comprehend — declared  themselves  such  bitter 
enemies  to  my  scheme,  that  they  would  not  spin  for  me. 
Soch  is  my  &te,  that,  what  between  party  in  the  metro- 
polis, and  indolence  in  this  place,  I  am  not  capable  of 
doing  my  scheme  justice.  That  it  should  ever  injure  the 
trade  of  foreign  cotton  is  impossible."* 
•  Ted.  i.  pp.  202-313. 
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The  suggestion  of  lady  llloin,  though  it  came  to  no- 
thing at  the  time,  was  not  altogether  without  effect ;  for 
the  manufacture  of  flax-cottoD  wu  taken  up  with  conside- 
rable spirit  in  various  parts  of  the  continent,  thou^  in 
every  case  the  process  seems  soon  to  have  been  relin- 
quished. Amongst  other  authors  who  have  written  favour- 
My  on  this  subject,  I  may  mention  Beckmann  and  Des 
Charmes,  who  both  speak  of  the  great  similarity  of  fiai- 
cotton  with  ordinar)'  cotton.  The  latter  recommends  cut- 
ting the  flaxen  tow  into  proper  lengths  before  converting 
it  into  cotton. 

Lady  Moira  sent  m-er  specimens  of  the  articles  manu' 
factored  with  )lai-cotton  to  the  Society,  and  they  are  noir 
upon  the  table  before  you ;  and  I  will  only  say  of  then 
that  I  did  not  sec  in  the  Great  Exhibition  any  better  si 
pies  of  flax-cotlon  than  those  prepared  more  than  seventy 
years  ago.     I  will  also  quote  to  you  a  brief  statement  by 
Mr.  Baiicy,  of  Manchester,  contained  in  a  letter  to  the 
Society,  dated  1775:  "  Some  of  the  most  ingenious  mans; 
facturers  in  and  about    Manchester  are  most  extreme^ 
pleased  with  thtN  new  staple,  and  think,  if  properly  i 
tended  to,  Lady  Aloira's  invention  may  prove  a  fniitfl 
source  of  wealth." 

These  are,  however,  but  a  few  out  of  many  similar 
facts  I  might  mention :  they  show  plainly,  that  had  the 
original  objects  for  which  the  Society  was  established  been 
strictly  adhered  to,  and  had  its  means  enlarged  in  propor- 
tion 10  its  utility,  we  should  now  have  a  moat  valuable 
record  of  the  progress  of  human  industry  during  the  last 
hundred  years :  in  fact,  a  great  iudustrial  museum  of  the  i 
rfaole  world,  not  a  mere  magazine  or  storehouse  io  which  J 
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Bitiiral  producttoDB  and  ingenious  contrivances  are  piled 
ap  in  endless  confusion,  where  they  may  remain  buried 
for  ages,  but  a  practical,  useful,  and  well-arranged  series, 
denoting  past  progress,  and  leading  to  future  improvement 
— a  place  of  reference,  in  which  useful  knowledge  of  all 
sorts  would  be  accessible  to  every  one,  and  at  all  times 
available  for  purposes  of  instruction. 

iThe  admirable  collection  of  Liverpool  imports,  contri- 
buted by  Mr.  Archer  to  the  Great  Exhibition,  though  of 
tourse  confined  to  articles  at  present  known  in  commerce, 
■nd  necessarily  far  from  complete,  is  still  a  good  specimen  of 
tiie  way  in  which  such  a  series  may  be  made  to  convey  prac- 
tical information.  To  be  of  real  value,  it  should  be  far  more 
extensive,  and  it  should  also  be  accompanied  by  much 
more  copious  information,  and  by  illustrations  of  all  sorts. 
^or  example,  dye-stiiffa  should  be  placed  side  by  side  with 
mplcs  of  the  colours  they  yield ;  and,  in  every  case 
K|rliere  practicable,  the  use  of  each  substance  should  be 
BluBtrated.  All  imperfect  as  the  Liverpool  collection  was, 
t  question  whether  any  one  could  spend  an  hour  in  looking 
vret  its  contents,  without  learning  some  useful  facts  which 
i,e  did  not  before  know. 

The  idea  of  a  Museum  ofUndiistry  is  by  no  means 

new,  for  full  thirty  years  ago  S.  E.  Von  Kees,  who  was 

then  Chief  Inspector  of  Factories  in  the  Austrian  Empire, 

,  formed  a  collection  of  the  raw  produce,  and  likewise  of  the 

inufacturcd  articles,  at  that  time  used  in  Austria,  and 

i  to  it,  by  way  of  comparison,  a  great  number  of  the 

iduetions  of  other  countries.     This  collection  contained 

qiwards  of  12,000  specimens,  and  the  descriptive  catalogue 
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exteads  over  more  than  2300  octavo  pages.  This  catalogue, 
as  a  work  of  reference,  is  of  considerable  value,  and  in 
some  points  might  have  given  useful  hints  to  the  compilers 
of  the  Catalogue  of  the  Great  Exhibition,     One  important 
feature  in  it  is  the  fact,  that  in  most  cases  prices  ar^ 
given,  whilst  in  the  Exhibition  Catalogue  all  statemen 
relating  to  price  were  inadmissible,  in  accordance  with 
decision  of  the  Royal  Commissioners.     It  is  much  to  I 
regretted  that  this  was  deemed  necessary,  for  the  value  ol 
the  Catalogue  is,  of  course,  greatly  diminished  by  the 
elusion  of  information  of  such  paramount  importance.     It 
is  curious  to  observe,  that  Von  Kees  was  led  to  form  1m 
museum,  in  the  first  iustanee,  for  his  own  private  ins 
tlon,  when  he  received  the  appointment  of  a  Commissiono; 
of  Factories  in  1810,  and  at  first  his  collection  was  coa»' 
fined  to  manufactured  articles  alone  ;  he  soon  found,  how- 
ever, the  necessity  of  extending  it,  and  rendering  it  mccft 
instructive,  by  the  addition  of  raw  produce^ — thus  forming 
a  complete  Trade  Museum, 

The  Great  Exhibition  has  strongly  shown  the  nant 
such  a  collection  in  England,  and  I  feel  that  it  is  not 
foreign  to  the  objects  contemplated  in  these  Lectures,  if,  i 
conclusion,  I  should  ask  my  brother  members  why  sboul 
not  we,  even  now,  commence  the  formation  of  such  a  co 
lection ;  why  should  not  the  Society  of  Arts  undertal 
that  which  would  he  so  great  a  public  benefit  ? 

In  throwing  out  this  suggestion,  I  would  remind  yM 
not  only  that  the  Society  of  Arts  possesses  greater  facilitil 
than  any  other  Society  for  collecting  a  great  Trade  Mnseun 
but  also  that  the  many  valuable  and  interesting  specimeni 
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already  in  the  drawers  and  cabinets  of  our  model-room^ 
constitute  of  themselves  alone  a  collection  of  the  very 
greatest  practical  importance. 

With  those  who  say  that  we  need  an  enlarged  and 
comprehensive  system  of  National  Education  I  agree  heart 
and  soul;  but  I  would  even  go  farther — I  say^let  us  have  the 
means  of  teaching  the  schoolmaster  as  well  as  the  scholar ; 
let  us^  by  collecting  sound  facts  and  useful  information, 
obtain  those  means  of  instruction  in  applied  science^  which 
are  at  present  almost  wholly  wanting. 


Jan,  21,  1852. 


THE 


REV.  ROBERT  WILLIS,  M.A.  F.R.S.  &c. 


ON 


MACHINES  AND  TOOLS  FOR  WORKING  IN  METAL, 
WOOD,  AND  OTHER  MATERIALS. 


The  portion  of  the  Exhibition  which  it  is  proposed  to  con- 
sider this  evening,  must  be  considered  under  a  very  dif- 
ferent aspect  from  those  which  have  formed  the  subject  of 
the  previous  Lectures.  Considering  the  entire  collection 
as  made  up  of  Natural  Materials^  Artificial  Products,  and 
the  Processes  by  which  the  first  are  converted  into  the  ^X 
second,  it  is  easy  to  show  that  the  two  first  of  these  groups 
were  exceedingly  well  and  completely  represented,  and 
generally  interesting  and  intelligible;  but  that  the  last, 
under  which  om*  present  subject  is  included,  was,  on  the 
contrary,  imperfectly  represented,  and  so  little  understood, 
as  to  lose  much  of  its  interest. 

The  consideration  of  natural  or  raw  materials,  belong- 
ing as  it  does  to  the  natural  sciences,  has  been  long  fami- 
liarised to  all,  as  furnishing  the  most  instructive,  delightful, 
and  interesting  subjects  of  study  and  amusement,  either 
in  the  animal,  vegetable,  or  mineral  kingdoms,  according 
to  the  taste  or  habits  of  each  observer ;  and  the  practical 
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view  of  the  subject  whieh  is  especially  directed  to  tl 
useful  purposes  to  which  these  Datural  malerials  may  be 
applied,  has  been  also  long  since  illustrated  by  collections 
like  that  of  the  Museum  of  EcoDomic  Geology  snd 
others,  which  paved  the  way  for  the  magnificent  and  com-r 
plete  collection  in  the  Great  Exhihition,  in  which 
nations  combined  to  display  with  gratitude  and  pride 
natural  treasures,  of  which  they  arc  the  several  de| 
torics,  as  stimulants  to  industry  and  commerce. 

The  products  include  the  great  mass  of  objects 
constitute  our  food  and  clothing,  contribute  to  our 
necessities,  comforts,  and  luxuries,  and  minister  to  our 
ploymcnts,  or  to  the  enjoyments  we  derive  from  the 
arts;  and  thus  every  person  is  in  one  way  or  other 
ested  in  them,  and  may  underBtand  them.  The  compl 
nesB  of  this  part  of  the  collection  was  also  greatly  promt 
by  the  commercial  advantages  that  proniised  to  accrue  to 
exhibitor,  as  well  as  to  the  spectator,  by  the  universal 
play  and  choice  of  al!  the  useful  and  ornamental  results 
industry,  for  the  first  time  offered  in  one  vast  baEaar 
the  whole  world  of  manufacturers  to  the  whole  world 
customers. 

How  different  is  the  case  with  the  processea  and 
machines  concerned  therewith  I      In  many  cases 
offensive,   and  dirty,  or  requiring  conditions  of  heat; 
damp,  which  made  it  impossible  to  carry  them  on  in 
presence  of  spectators ;  and  if  not  labouring  under  these 
disadvantages,  at  least  requiring  long  explanations  and 
experiments  to  make  them  intelligible ;  it  is  plain  that  no 
empt  at  a  complete  collection  could  be  made,  if,  indeed, 
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such  a  resalt  were  desirable.  Enough  of  manufacturing 
machines  were  really  shown  to  give  to  the  general  spec- 
tator an  idea  of  their  beauty  of  form  and  workmanship^ 
and  of  the  precision  of  their  action^  according  to  the 
style  and  manner  of  machine-making  which  characterise 
the  present  age;  and  such  processes  were  selected  for 
daily  practice  as  were  intelligible,  at  least  by  their  results, 
if  the  steps  that  led  to  them  remained  mysterious  to  the 
lookers-on.  Sheets  of  white  paper,  entering  at  one  end  of 
a  machine  and  duly  delivered  at  the  other  in  the  complete 
form  of  a  printed  newspaper ;  envelope  folding ;  weaving 
and  spinning,  and  the  like,  served  to  show  the  general 
character  of  machine-craft,  as  contrasted  with  the  slow 
production  of  such  articles  by  the  handicraft  methods  with 
which  most  of  the  spectators  were  familiar. 

These  practical  obstacles  applied,  perhaps,  the  most 
forcibly  to  the  class  which  is  appropriated  to  the  present 
evening,  namely,  machines  for  working  in  wood  and  metal, 
which  require  a  solid  foundation,  are  necessarily  accom- 
panied in  use  by  noise,  chips,  and  other  annoyances,  and 
are  expensive  to  maintain  in  action,  and  not,  generally 
speaking,  intelligible  or  interesting  to  ordinary  spectators, 
at  least  without  systematic  explanations,  which  could  not 
be  afforded  under  the  circumstances. 

I  trust  that  I  have  now  said  enough  to  show  that,  with- 
out in  any  respect  disparaging  the  Exhibition,  or  casting 
any  shade  upon  that  most  admirable  and  unique  incident 
of  human  history,  which  we  have  been  so  accustomed  to 
look  upon  with  unmixed  admiration  and  delight,  we  must 
admit  that,  from  the  very  nature  of  the  case,  this  one  de- 
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partment  wna  very  incompletely  represented  with  resj 
to  the  machinery  of  our  own  country,  and,  of  course, 
more  bo  with  respect  to  other  countries.     Any  attempt, 
therefore,  to  estimate  from  the  Exhibition  Catalogue  the 
extent  to  which  machincTy  is  used  in  the  manufactures  of 
this  or  any  other  country,  considered  separately, 
relative  employment  by  different  countries,  would  lead 
the  most  fallacious  and  unjust  conclusions. 

But  one  part  of  my  duty  this  evening,  which  ft 
a  principal  point  of  the  instructions  under  which 
common  with  my  colleagues  upon  this  occasion,  have  the 
honour  of  acting,  is  "  to  state  freely  and  without  reserve 
my  opinion  upon  the  probable  immediate  effect  of  the 
Exhibition  on  the  particHtar  subject  of  the  lecture." 

For  the  reasons  above  stated,  it  is  much  more  difGi 
to  foresee  and  trace  the  effects  that  may  be  expected  in  the 
department   at   present   under  review  than  in  the  other 
branches  of  the  coUection.     But  there  are  two  ver^'  desir- 
able objects  which  I  shall  proceed  to  develope,  and  whi 
if  we  take  advantage  of  the  interest  excited  on  theaubjf 
of  manufacturing  science  and  art  by  the  Great  Exhibits 
we  may  possibly  succeed  in  bringing  to  bear. 

The  first  object  is  to  effect  a  more  intimate  union 
greater  confidence  between  scientific  and  practical  men, 
teaching  them  reciprocally  their  wants  and  rcquircmei 
their  methods  and  powei's,  so  that  the  peculiar  pro| 
and  advantages  of  each  may  be  made  to  assist  in  the 
fection  of  the  other. 

The    second    object   is    to    promote  a  more  univ 
'        '  •'ije  amongst  mechanics  and  artisans  of  the  mel 
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and  tools  employed  in  other  trades  than  their  own^  as  well 
as  of  those  employed  in  other  countries  in  their  own  and 
other  trades. 

With  respect  to  the  first  object^  it  is  no  secret  that 
there  has  always  existed  an  unfortunate  boundary  wall  or 
separation  between  practical  and  scientific  men^  a  mutual 
distrust  or  misunderstanding  of  their  relative  values,  which 
has  deprived  them  of  many  great  benefits  that  they  might 
have  mutually  derived  from  each  other's  pursuits.  It 
is  true  that  in  many  branches  of  science,  as  in  chemistry, 
geology,  and  botany,  this  barrier  has  to  a  great  extent 
been  broken  through;  the  practical  man  has  found  Ae 
benefit  of  scientific  generalisations,  and  the  theorist  has 
been  compelled  to  seek  the  facts  upon  which  his  theories 
are  to  be  based  in  the  mines  and  manufactories;  thus 
compelling  the  two  classes  to  work  together  and  learn 
to  understand  each  other.  Still  there  remains  too  much 
of  the  ancient  contempt  for  "  theory,''  and  of  an  over- 
weening and  conceited  value  for  "  facts"  and  "  practice." 

In  no  department  of  science  is  this  carried  to  a 
greater  extent  than  between  the  mathematical  and  prac- 
tical mechanics ;  and  yet  the  mental  process  by  which  the 
parts  of  a  complex  machine  are  contrived  and  arranged  in 
the  brain  of  the  inventor  requires  the  geometrical  faculty, 
as  it  is  called,  to  a  very  high  extent :  that  is  to  say,  the 
power  of  conceiving  mentally  the  relations  of  the  parts  of 
complex  figures  in  space.  So  that,  in  truth,  a  man  gifted 
by  Nature  as  a  mechanist  is  also  qualified  as  a  geome- 
trician ;  and  the  untaught  inventor,  struggling  to  give 
form  and  reality  to  his  conceptions  of  a  new  machine,  is, 
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parts  which  by  chance  were  made  unnecessarily  strot 
and  heavy,  will  probably  retain  their  original  errors. 

The  representations  of  machines  and  engines  ii 
collections  published  in    the    sixteenth    and    sevcotec 
centuries,    fumiKk    abundant'  illustration   of   thene 
marks.     In  aU  that  belongs  to  the  mere  motion  of  t 
contrivances,   the  greatest  possible  ingenuity  and  fertil 
of  invention  is  displayed.     But  in  all  thai  concerns 
Btruction,   framing  and  adaptation  of  form    and   d 
aions  to  resistances,  strains,  and  the  nature  of  the 
u  total  absence  of  priuciple  and  experience  is  manifeste 
so  that  it  is  apparent  that  these  machmes  would  act  v 
well  in  the  form  of  models,  but  that,  if  actually  s 
work,  the  most  of  them  would  knock  themselveg  to  pie 
ill  a  very  short  time. 

A  profound  knowledge  of  theoretical  nicehanio 
necessary  for  all  persons  concerued  about  machines,  a 
more  than  an  elaborate  acquaintance  with  the  entire  s 
ject  of  astronomy  is  needed  by  every  sailor.     Yet  k 
have  no  horror  of  mathematics,  and  know  very  well  li 
to  make  use  of  the  parts  that  are  prepared  for  them. 
all  men  who  are  engaged  in  the  contrivance  of  macbiot 
whether  in  reducing  to  practice  their  own  inventioi 
those  of  others,  should  be  com|)etently  instructed  ii 
elements  of  the  subject,  as  well  as  in  the  history  of  i 
chinery ;    and   the  artisans    themselves  would  find  thf 
labour  greatly  facilitated  by  a  knowledge  of  geometry  a 
mechanics  to  a  hmited  extent,  proportioned  to  their  i 
quirenients. 

We  i\iay  hope  that  one  of  tlie  permanent  results 
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the  Exhibition  may  be,  that  men^s  minds  being  more  for- 
cibly led  to  the  consideration  of  the  subject,  a  system  of 
professional  education  for  practical  men  may  be  organised, 
so  as  to  enable  every  one  to  obtain  just  so  much  as  may  be 
necessary  for  him  in  his  own  position. 

The  preparation  of  such  a  system  of  education  is  dif- 
ficult, and  requires  great  care  to  avoid  the  error  of  teach- 
ing much  that  is  unnecessary,  and  that,  in  fact,  cannot  be 
comprehended,  unless  by  a  student  who  intends  to  devote 
much  more  time,  and  to  enter  much  more  profoundly  into 
those  branches  of  study,  than  is  contemplated  for  the  pur- 
poses we  are  now  considering.  But  we  know  that  di£5- 
culties  of  this  kind  have  been  already  encountered,  and, 
as  it  appears,  successfully  overcome  in  France,  after 
failures  had  taught  experience. 

I  have  already  said,  at  the  outset  of  these  remarks, 
that  not  only  do  practical  men  require  theoretical  know- 
ledge, but  that,  also,  theoretical  men  require  practical 
knowledge,  a  better  acquaintance  with  the  diflSculties  that 
practice  requires  them  to  lend  a  hand  in  developing, 
explaining,  and  overcoming.  To  form  a  system  of  edu- 
cation, strictly  limited  to  the  requirements  of  practical 
men,  we  must  know  what  these  requirements  are,  and 
must  in  imagination  place  ourselves  in  the  position  of 
these  men,  to  understand  the  difficulties  arising  from  their 
occupations,  which  theory  may  dispel.  We  must,  in  short, 
select  the  examples  and  illustrations  of  our  applied  ma- 
thematics from  the  familiar  cases  of  actual  machine-work, 
and   endeavour  to   solve   them   with    the  least   possible 
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■mount  of  geometry.     It  way  be  worth  while  to 
a  little  how  this  may  be  attempted. 

Every  machine  is   constructed  to  perform  a  cerlun 
speciftc  operation,  and  accordingly  contains  parts  especially 
applied  to  the  work  in  question;  which  working  parts 
/  coimecttd  by  the  mechanism  in  such  a  manner,  that 
shall  move  according  to  the  law  required  by  the  nature 
the    work.      One,  perhaps,  constantly   revolving  slowly; 
another,  rapidly ;  and  a  third,  back -and -forwards,  and  so 
on.     Eut  the  connecting  mechanism  by  which  these  di^ 
rent  motions  are  tied    tcgcther  may  be  varied  in  mi 
ways,  and  each  is  common  to  all  machines  that  happen 
require  similar  co-existent  motions  in  their  working  pai 

The  nature  and  principles  of  trains  of  mechanism,  by 
which  dissimilar  motions  may  be  thus  produced,  the  one 
from  the  other,  can  be  taught  without  any  reference  to  the 
work  or  purpose  of  machinery,  and  is,  indeed,  best  so 
taught.  But  to  illustrate  and  fix  the  teacher's  meaning, 
it  is  well  to  show  examples  of  the  application  of  each 
motion  to  some  real  machine. 

>  Now  it  must  always  be  recollected,  that  the_merit 
a  piece  of  mecbanism  may  be  exceedingly  great,  if 
aidered  as  an  example  of  pure  mechanism  ;  that  ia,  of 
ingenuity  or  profound  knowledge  displayed  in  iFe 
version  of  one  motion  into  another,  although  the  purpoM 
of  the  machine  to  which  it  happens  to  be  applied  may 
very  trivial.     But  this  is  not  the  way  in  which  the  world 
would  judge  of  machinery ;  and  yet  combinations  of  pure 

~  inism,  that   form  the  essential  parts 
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useful  and  valuable  machines  in  the  manufacturing  series, 
were  originally  inventedi  for  purposes  of  the  most  trivial 
and  useless  character,    i 

The  "  differential  box"  of  the  bobbin-and-fly  frame 
was  first  contrived  for  an  equation  clock ;  that  is,  to  enable 
the  hand  of  a  clock  to  move  round  the  dial  in  such  a  way 
as  to  point  to  the  true  time  as  shown  on  a  sun-dial.  The 
"  slide  rest,"  as  we  shall  presently  see,  was  contrived  to- 
wards the  end  of  the  last  century,  to  enable  the  amateur 
turners  of  the  court  of  France  to  ornament  their  snuff- 
boxes with  more  precise  patterns  of  guilloche-work.     The 


motions  of  a  mouse-trap  may  be  found  in  a  steam-engine. 

Now,  in  showing  the  practical  application  of  any  given 
combination  of  pure  mechanism,  one  machine  will  do  as 
well  as  another ;  but  it  is  better  to  select  one  whose  pur- 
pose and  functions  are  likely  to  be  readily  appreciated  by 
the  student,  that  his  attention  may  not  be  too  much  dis- 
tracted from  the  mechanism.  Thus,  if  I  were  teaching  a 
mathematical  student  the  differential  motion,  I  should 
select  the  equation  clock  as  the  example,  because  its  pur- 
pose depends  upon  an  astronomical  principle  which  forms 
part  of  his  proper  studies.  But  if  I  were  teaching  a 
mechanist,  I  should  rather  take  the  bobbin-and-fly  frame 
for  my  example. 

In  forming  a  system  of  instruction  for  practical  men, 
therefore,  we  may,  by  a  more  practical  selection  of  ex- 
amples, be  enabled  to  teach  the  principles  of  mechanics, 
without  greatly  altering  our  present  methods.  It  is  true 
that  our  theoretical  writers  are  rapidly  introducing  exam- 
ples of  the  actual  machinery  of  our  own  time  into  their 
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gyatcms,  still  these  books  are  neeesBsrily  rattier  i: 
to  teach  machinery  to  matheinaticiaus,  than  to 
muthematice  to  inechaDists. 

It  may  be  remarked  that,  at  least  in  one  branch  of 
mechanics,  the  "  strength  of  niaterials,"  the  value  of 
theoretical  and  experimental  science  has  been  fully  recog- 
nised by  pniclical  engineers,  and  the  Britannia  bridge 
be  quoted  as  a  triumphant  example  of  the  advantages  that 
ari«e  when  theory  and  practice  go  hand  in  hand. 

We  will  now  proceed  to  the  immediate  subject  of  ■ 
lieeturc,  namely,  the  machines  for  working  in  metal, 
and  other  materials. 

The  object  of  such  mnchines  Is  to  work  rough  mal 
into  shape,  which  may  be  done  in  three  different  nnys: 
(1.)  By  abrading  or  cutting  off  the  superfluous  portions  in 
the  form  of  chips  or  large  pieces;  (2.)  If  it  possess  duc- 
tility, we  knead  it,  or  press  it  Into  form  in  various  ways, 
as  by  hammering,  rolling,  drawing,  &c. ;  (3.)  If  it  be 
fusible,  we  melt  it,  and  pour  it  into  a  mould.  I  forbear  to 
include  the  producing  a  given  form  by  joining  together 
pieces,  because  each  piece  must  be  shaped  in  one  or  other 
of  the  above  ways.  The  most  interesting  series  of  machines 
is  that  which  belongs  to  the  first  group ;  and  to  this  I 
must,  for  the  present,  confine  my  attention.  It  may  be 
interesting  to  sketch  the  history  of  their  introduction. 
Machines  of  this  kind  are  cither  general,  like  the  lathe  or 
the  plan  ing-m  a  chines,  which  are  used  for  a  great  variety  of 
purposes,  or  arc  especially  adapted  to  the  production  uf  a 
■ingle  object  of  manufacture ;  in  which  ease  they  are  oAen 
contrived  in  a  series,  as  the  block -machinery,  the  machines 
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for  making  cedar  pencils,  and  the  like^  and  the  introduc- 
tion of  such  especial  machines  is  of  great  importance,  and 
has  certainly  not  yet  reached  its  limits.  As  the  machines 
of  this  latter  kind  are  commonly  modifications  of  one  or 
other  of  the  first,  the  history  of  the  two  must  be  considered 
together. 

The  origin  of  the  turning-lathe  is  lost  in  the  shades  of 
antiquity;  and  the  saw-mill,  with  a  complete  self-action, 
turned  by  a  water-wheel,  is  represented  in  a  MS.  of  the 
thirteenth  century  at  Paris,  and  is,  probably,  of  much 
earlier  contrivance.  The  lathe  was,  in  process  of  time, 
adapted  to  the  production  of  oval  figures,  twisted  and 
swash-work,  as  it  is  called,  and,  lastly,  of  rose-engine 
work.  The  swash,  or  raking  mouldings,  were  employed 
in  the  balusters  of  staircases  and  other  ornaments  at  the 
period  of  the  "Renaissance^'  in  architecture,  about  the 
end  of  the  sixteenth  century,  and,  therefore,  the  swash- 
lathe  assumes  somewhat  of  the  character  of  a  manufac- 
turing machine.  But  the  simple  lathe  was  much  employed 
in  screen  and  stall-work  during  the  middle  ages.  The  first 
real  treatise  on  turning  is  Moxon's  (1680),  which  gives  us 
a  valuable  picture  of  the  state  of  the  art  at  that  period, 
and  he  has  preserved  to  us  the  name  of  the  engine- 
manufacturer  of  that  day,  Mr.  Thomas  Oldfield,  at  the 
sign  of  the  Flower-de-luce,  near  the  Savoy  in  the  Strand, 
as  an  excellent  maker  of  oval-engines,  swash-engines,  and 
all  other  engines,  which  shows  that  such  machines  were  in 
demand.  A  few  drawings  of  such  machines  occur  in 
earlier  works,  beginning  with  Besson,  in  1569.  From  the 
treatise  of  Plumier,  published  at  Lyons  in  1701,  we  learn 
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that  turning  bad  long  been  a  favourite  pursuit  ia  Fi 
with  amatuurs  of  all  ranks,  who  spared  no  eipense  id 
perfection  and  contrivance  of  elaborate  machinery  for  the 
production  of  complex  figures.  This  taste  continued  at 
least  up  to  the  French  Revolution,  and  contributed  in  a 
very  high  degree  to  the  advancement  of  the  class  of  ma- 
chinery that  forms  the  subject  of  our  pivsent  evening.  In 
our  own  country  the  literature  of  the  subject  is  so  defective 
that  it  is  very  difficult  to  discover  what  progress  we  were 
making  during  the  seventeenth  and  eighteenth  centuries. 
A  few  scattered  hints  only  can  be  collected,  whereas  in 
France  the  great  "  Encyclopedie "  and  other  works,  abun- 
dantly illustrated,  give  the  most  preciat;  and  accuntfi, 
knowledge  of  the  state  of  this  and  other  mecl 
arts. 

Smcaton   has   recorded  that,   in    1711,   Hindley 
clockmaker  of  York  showed  him  a  ecrew-cntting 
with   change- wheels,   by  which  he  could,  from  the 
screw  of  the  lathe,  cut  screws  of  every  necessary 
fineness,  and  either  right  or  left-handed.     It  seems  to 
implied  that   this  was  a  novelty,  and  that   Hindl^ 
invented  it ;  and  it  was  soon  imitated  by  Ramsde 
now  universal.      At  all  events,  snch  a  machini 
alluded  to  in  the  French  works  already  meotiooe^ 
Mrves  to  show  the  advance  we  were  thni  inakiiiK  B 
practical  improvement  of  the  lathe. 

But  the  clockmokers,  to  which  body  tlindiey 
were  the  first  who  employed  tptcial  taachiaa  for 
ntanufactnres.      Their  wheel-aiUiiuf  engine  haa  bees 
cribed  to   Dr.    Uooke,  about    1655,  and  its 
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spread  over  the  Continent.  The  gradual  improvement  of 
this  machine,  and  the  successive  forms  which  it  assumed 
as  the  art  of  construction  was  matured,  forms  a  very  in- 
structive lesson.  But  herein  our  own  countrymen  have 
largely  contributed  to  its  perfection.  Henry  Sully,  an 
English  clockmaker,  who  removed  to  Paris  about  1718, 
carried  with  him,  amongst  other  excellent  tools,  a  cutting- 
engine,  which  excited  great  admiration  there.  The  form 
of  the  present  French  engine  is,  however,  derived  firom 
Hulot^s  machine  (about  1763).  But  our  English  engines, 
in  which  the  dividing-plate  is  superseded  by  a  train  of 
change-wheels,  so  contrived  as  to  require  an  entire  turn  of 
a  latch-handle  for  each  shift,  and  thus  secure  against  error, 
is  derived  from  Hindlejr's  engine,  which  he  showed  to 
Smeaton  in  1741,  and  which  finally  passed  into  the  hands 
of  Mr.  Reid  of  Edinburgh. 

Th^  fusee-engine,  which  is  another  special  clockmaker's 
machine,  must  have  greatly  contributed  to  the  perfection 
of  machines  for  working  in  metal. 

But  the  next  great  step  towards  the  perfection  of 
machine  tools  was  the  slide-rest.  The  slow  and  gradual 
way  in  which  this  invaluable  device  acquired  the  distinct 
and  individual  form  in  which  it  now  exists,  is  a  very  curious 
example  of  the  history  of  machinery,  the  developement  of 
which,  at  length,  would  occupy  too  much  space  on  the 
present  occasion,  even  if  it  could  be  made  intelligible 
without  drawings.  Suffice  to  say,  that  although  as  early 
as  1648  Maignan  published  at  Rome*  engravings  of  two 

♦  "  Perspectiva  Horaria,"  p.  689. 
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a  lathes  for  tHming  the  surfaces  of  metallic  c 
for  optical  purposes,  in  which  the  tool  is  clamped  i 
frames,  ao  disposed  that  when  put  in  motion  it  is  compelled 
to  move  so  as  to  form  true  hyperbolical,  splierical,  or  plane 
surfaces,  according  to  the  adjustment,  and  that  although 
the  fu see-en ^ines,  screw-cutting  lathes,  and  other  con- 
trivances already  alluded  to,  employed  tools  guided  hy 
mechanism,  yet  the  real  slide-rest  does  not  make  its  ap. 
pearance  uutil  1772,  when  in  the  plates  of  the  French 
"  Encyclopedie,"  *  we  find  complete  drawiuga  and  detsiU 
of  an  exCL-Ueot  slide-reat,  as  nearly  as  possible  identical 
with  that  usually  supplied  by  Messrs.  Holtzappfel  and 
other  makers  of  lathes  for  amateurs.  It  must  have  been 
contrived  a  little  while  before  this  publication ;  but  the 
meagre  descriptions  that  accompany  the  plates  leave  na 
completely  in  the  dark  with  respect  to  its  biston,'.  Br»- 
mah's  slidfi-rcst  of  1794t  is  so  different  and  so  inferior  in 
convenience,  that  the  two  could  not  have  had  a  commoa^ 
origin ;  and  we  must  suppose  that  the  French  slide-r 
was  unknown  to  that  ingenious  mechanist,  although  it  1 
scarcely  possible  that  copies  of  the  "  Encyclopedie  "  shot 
not  have  found  their  way  into  our  libraries. 

But  the  improvements  of  the  steam-engine,  its  applj^ 
cation  to  giving  motion  to  the  wheels  of  mills  and  othef 
machines,  the  increasing  employment  of  iron,  and  other 
advances  in  the  construclion  of  mechanism,  which  were 
now  developing  themselves,  gave  men  courage  to  devise 
and  carry  out  large  and  extensive  schemes  for  the  applies- 
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tion  of  machinery  to  manufactures.  In  our  especial  de* 
partment  we  may  record^  as  an  early  example,  Bramah, 
who,  in  1784,  obtained  the  patent  for  his  admirable  lock, 
and  immediately  set  about  the  construction  of  a  series  of 
original  machine  tools,  for  shaping  with  the  required  pre^ 
cision  the  barrels,  keys,  and  other  parts  of  the  contrivance, 
which,  indeed,  would  have  utterly  ftiled  unless  they  had 
been  formed  with  the  accuracy  that  machinery  alone  can 
give.  In  Bramah's  workshop  was  educated  the  celebrated 
Henry  Maudslay,  who,  as  I  am  informed,  worked  with  him 
from  1789  to  1796,  and  was  employed  in  making  the  prin- 
cipal tools  for  the  locks. 

Foremost  among  the  ingenious  persons  who  carried  on 
this  great  movement  must  be  recorded  Brigadier-general 
Sir  Samuel  Bentham.*  From  his  own  account  it  appears, 
that  in  1791  steam-engines  in  this  country  were  exten* 
sively  employed  for  pumping  mines,  and  for  giving  motion 
to  machinery  for  working  cotton,  and  to  rolling-mills,  and 
some  other  works  in  metal ;  but  that  in  regard  to  working 
in  wood,  steam-engines  had  not  been  applied,  for  no 
machinery,  other  than  turning-lathes,  had  been  introduced, 
excepting  that  some  circular  and  reciprocating  saws  and 
working  tools  had  been  applied  to  the  purpose  of  block- 
making  by  the  contractors  who  then  supplied  blocks  to 
the  navy;  even  saw-mills  for  slitting  timber,  though  in 
extensive  use  abroad,  were  not  to  be  found  in  this  country. 

General  Bentham  had  at  this  time  made  great  progress 

•  Bentham's  patents.  "  Repertory  of  Arts,"  vol.  v.  p.  293,  and  vol.  x. 
pp.  221,  203,  307  ;  also  Memoir,  by  Mrs.  Bentham,  in  Weale's  "  Quar- 
terly  Papers  on  Engineering,*'  vol.  vi. 
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in  contriviag  machinery  for  shajiing  wood,  as  is  sufficien 
shown  by  hia  remarkable  specifications  of  1791  and  1 
and  he  informs  ua  that,  rejecting  the  common  classification 
of  works  according  to  the  trades  or  handicraflg  for  whicb 
they  are  used,  be  classed  the  several  operations  that  fuat 
place  in  the  working  of  materials  of  every  description  d 
cording  to  ike  nature  of  the  operations  themselves,  and,  d 
regard  to  wood  particidarly,  contiived  machines  for  p 
forming  moat  of  those  operations  whereby  the  i 
skill  and  dexterity  in  the  workman  was  dispensed  \ 
and  the  machines  were  also  capable  of  being  worked  b 
Bteani -engine  or  other  power.  Besides  the  general  op* 
lions  of  planing,  rebating,  mortising,  sawing  in  cur* 
winding,  and  transverse  directions,  he  completed,  1 
of  example,  machines  for  preparing  all  the  parts  of  a  si 
window  and  of  a  carriage- wheel,  and  actually  i 
these  and  other  machines  in  a  working  state  in  1 

This  led   to  his  appointment  as  Inspector-general  4 
Naval  Works,  for  the  purpose  of  introducing  these  e 
various  other  machines  into  the  royal  dockyards, 
immediately  set  about  effecting,     From  this  time  (17! 
the  introduction  of  machinery  for  the  preparation  of  bloc 
and  ntber  works  in  wood  at  Portsmouth,  Plymouth,  a 
other  Government    establishments,  takes  its   origin. 
1802  the  General  recei\ed  a  most  powerful  and  effic 
auxiliary  in  the  person  of  Sir.  Brunei,  who  in  that  ] 
presented  his  plans  for  the  block-making  machinery, 
aervices   being    immediately    secured,    and    Air.    Hei 
Maudslay  engaged  for  the  couatniction  of  the  mechani 
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the  admirable  series  of  machine-tools  were  finished  and  set 
to  work  in  1807,  by  which  every  part  of  the  block  and  its 
sheaves  are  prepared. 

The  completeness  and  ingenuity  of  this  system,  the 
beauty  of  its  action,  and  the  novelty  of  the  forms  and 
construction  of  the  whole  of  the  mechanism,  excited  so 
much  admiration,  that  the  whole  of  the  machinery  in 
Portsmouth  dockyard  has  usually  been  popularly  ascribed 
to  Mr.  Brunei  alone.  It  must  not  be  forgotten,  however, 
that  much  machinery  for  the  performance  of  isolated 
operations  had  been  previously  employed,  as  well  by  Mr. 
Taylor  of  Southampton,  the  contractor  for  the  blocks  of 
the  navy  previously  to  1807,  as  by  General  Bentham  him- 
self in  the  dockyards. 

At  this  distance  of  time  it  would  be  impossible  to 
discover  the  exact  shares  of  merit  and  invention  that 
belong  to  Brunei,  Bentham,  and  Maudslay,  in  this  great 
work.  To  the  first  we  may,  however,  assign  the  merit  of 
completing  and  organising  a  system  of  machine-tools,  so 
connected  in  series,  that  each  in  turn  should  take  up  the 
work  from  a  previous  one  and  carry  it  on  another  step 
towards  completion,  so  that  the  attendant  should  merely 
carry  away  the  work  delivered  from  one  machine  and  place 
it  in  the  next,  finally  receiving  it  complete  from  the  last. 

Some  of  the  individual  machines  in  the  series  had,  it  is 
true,  been  previously  contrived  and  employed.  Thus,  the 
self-acting  mortising-machine  is  distinctly  described  in 
Bentham's  specification  of  1793,  so  completely  as  to 
entitle  him  to  the  full  credit  of  the  invention  of  raortising- 
machines,  whether  by  the  process  of  boring  a  hole  first 
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and  then  elongating  it  by  a  chisel  travelling  up  and  dovn 
vertically,  or  by  the  process  of  causing  the  hole  to  be 
elongated  by  tbe  rotation  of  the  boaring-bit  during  the 
travelling  of  tlie  work.  The  same  speclGcatioa  deacribes 
boring- ma  chines,  some  of  which  arc  similar  in  thar 
arrangements  to  thoae  of  the  block  series ;  also  the  tubl 
gouge,  which  is  employed  in  the  ah  aping-machine,  and 
formation  of  recesses,  by  a  revolving  and  travelling 
for  the  inlaying  of  tbe  caah. 

One  of  the  most  useful  machine-tools  that  made 
appearance  at  the  end  of  the  eighteenth  century  was  tbe 
circular  saw.  This  bad  been  applied  to  cutting  metal  on 
a  small  scale,  as  in  the  cutting- engine,  ever  since  tbe  time 
of  Hr.  Hooke;  if,  indeed,  these  early  examples  were  not 
more  like  circular  files  than  saws.  Where  or  by  whom 
the  woodcutter's  saw  was  put  into  the  form  of  a  revolving 
disk  has  not  been  recorded.  It  found  its  way  into  this 
country  about  1790,  some  say  from  Holland,  and  was 
employed  at  Southampton  and  elsewhere  in  wood-mills. 
Bentbam  greatly  contributed  to  the  practical  arrangements 
necessary  to  give  it  a  convenient  form.  He  describes  and 
claims  the  bench  now  univerpally  used,  with  the  slit, 
parallel  guide,  and  sliding  bevil-guide,  and  other  con- 
trivances,'!' Brunei  introduced  a  variety  of  ingenious  and 
novel  arrnngeinents,  as  well  as  tbe  mode  of  making  li 
circular  saws  of  many  pieces.+  Mr.  Smart  also  contrii 
a  series  of  sa wing-machines  for  making  canteens,  cul 
tenons,  &c. 

After  the  completion  of  the  block  raachincrj',  it  becoi 
•  niia.    EtfiK-iiorj',  vui.  I.  p.  ao3.         t  I'ui 


IN  MSVAI^  WOOD,  AND  OTHBE  KATXBIALS.         818 

very  difficult  to  trace  the  sabflequent  improyements.  Hie 
art  of  machine-making  for  working  in  metal  was  gradnaHy 
advancing,  but  is  not  recorded  in  patents,  and  very  litde 
described  in  books.  The  slide-rest  principle  was  extended, 
large  self-acting  lathes  constructed,  and  boring-madiines 
of  great  precision  and  improving  structure  were  called  into 
existence  by  the  necessity  for  extreme  accuracy  in  the 
cylinders  of  steam-engines.  The  best  engravings  of  the 
machines  of  this  period  are  in  ''  Sees'  Cydopsedia,''  and 
in  the  volumes  of  the  ''Transactions"  of  the  Society 
of  Arts. 

No  greater  proof  of  the  obscurity  which  hangs  over  the 
history  of  machine-tool  making,  in  the  first  half  of  this 
century,  can  be  given,  than  the  unknown  origin  of  the 
planing-machine  for  metal.  The  machine  which  Nicholas 
Focq  contrived  in  1751,  which  has  been  called  a  planing- 
machine,  has  no  title  to  the  name,  or  any  resemblance  to 
the  modem  engine.  It  is  nothing  but  a  heavy  scraping- 
tool,  which  is  dragged  along  the  bar  upon  which  it  is  to 
operate,  and  rests  upon  it,  pressed  into  hard  contact  with 
it  by  strong  springs.  It  will,  therefore,  smooth  the  sur- 
face, and  remove  small  irregularities,  as  a  carpenter's 
plane  does  with  a  board,  but  it  will  not  produce  a  correct 
plane  surface,  or  even  make  successive  cuts.  It  is  a  mere 
plane,  and  not  a  plane-creating  engine.  Neither  could  the 
machines  patented  by  Bentham  in  1791,  and  Bramah  in 
1802,  for  planing  wood,  although  real  planing-engines, 
have  suggested  the  engine  in  question,  for  their  properties 
and  arrangements  are  wholly  different.  The  engineers' 
planing-machine  made  its  way  into  the  engineering  world 
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and  others,  coDtsin  engravings,  not  only  of  tbe  | 
machines,  bnt  of  the  other  machine-tools  of  all  « 
English  makers,  generally  accompanied  hy  i 
descriptions  and  minute  details,  that  may  well  i 
models  to  our  own  writers  on  such  subjects,  and  it  t 
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game  time  show  how  much  good  service  is  rendered  by  the 
superior  mathematical  and  theoretical  education  of  French 
engineers.  Be  it  remembered,  too,  that,  not  content  with 
describing  and  analysing  our  tnachine'toolB,  which  they 
do  in  a  most  liberal  and  admiring  spirit,  they  also  employ 
their  generalising  powers  in  the  endeavour  to  construct 
improved  forms,  and  with  sach  great  promise  of  success, 
that,  unless  we  also  begin  to  apply  science  to  this  subject, 
we  run  considerable  risk  of  failing  behind  our  ingenious 
neighbours. 

The  mortiaing-engine  of  the  block  machinery  was 
applied  by  Mr.  Roberts,  of  Manchester,  to  the  formation 
of  the  key-ways  of  cast-iron  wheels,  and  also  to  the  paring, 
or  planing  by  short  strokes,  of  the  sides  of  small  curvi- 
linear pieces  of  metal;  such  as  cams,  short  levers,  and 
other  pieces  that  do  not  admit  of  being  finished  in  the 
lathe.  Thus,  under  the  name  of  slotting  and  paring- 
machine,  a  new  and  generally  useful  machine-tool  sprang 
up ;  and  subsequently  another,  derived  from  it,  has  been 
produced,  and  apparently  with  equal  success,  under  the 
title  of  a  shaping-machine.  It  is,  in  fact,  a  planing- 
raachine,  in  which  the  tool  is  attached  to  the  end  of  a 
horizontal  bar,  which  is  moved  to  and  fro,  so  as  to  plane, 
with  short  transverse  strokes,  a  piece  of  work  fixed  on  a 
complex  adjusting -bed,  or  on  a  revolving  mandril,  so  as  to 
receive  the  action  of  the  tool. 

[All  these  and  other  varieties  of  machine-tools  Here, 
in  the  oral  delivery  of  this  Lecture,  illustrated  by  models, 
without  which,  or  diagrams,  it  nwd^JjUffltjOBsihle  to 
state,   in   xn   intelligible  form^  ^Sf^^^^^^HlBl.  ^^ 
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general  principles  which  these  machines  possess  in  comi 
which  must  be  therefore  omitted  in  this  place.] 

The  existence  of  such  principles, leads  us  to  the  hope 
that  machines  much  more  comprehensive,  and  yet  simpler 
Id  form,  will  be  devised  for  the  same  purposes,  by  means 
of  which  the  construction  of  machinery  in  general  will 
attain  to  greater  perfection  ;  and  machine-tools  be  intro- 
duced into  workshops  of  a  smaller  character  than  at 
sent,  in  the  same  manner  as  the  lathe. 

In  Amci'iea,  a  variety  of  contrivances  are  employed 
workshops  to  facilitate  and  give  precision  to  ordinary 
operations :  an,  for  example,  the  foot- mortising  machine 
for  wood.  The  earliest  contrivance  of  this  useful  tool 
-(the  oifspring  of  Bcntham'a  morti sing-engine),  appears 
"to  be  in  a  Pennsjlvanian  patent  by  John  M'Clintic,  id 
1827,*  since  which  the  machine  has  got  into  general 
use  in  America,  and  has  consequently  been  the  subject 
'  of  numerous  jjatents  for  minor  arrangements.  One  of 
these,  by  I'age,  was  engraved  in  the  "  Mechanics'  Magfcj 
line"  (1836,  vol.  xxvi.  p.  385),  and  thus  mtroduced  t«n 
English  workmen ;  and  in  the  last  year  Mr,  TurneBa,  of 
Liverpool,  has  patented  some  improvements  in  England, 
and  endeavoured  to  introduce  the  machine.  It  formed  a 
very  interesting  object  in  the  Exhibition,  together  with 
other  American  contrivances  for  boring,  tenoning,  and 
such-like  operations,  which  the  peculiar  conditions  of  that 
country  have  called  into  existence,  by  creating  a  marl 
for  them. 
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In  reviewing  the  comparatively  slow  progress  of  ma- 
chine-tool makings  it  will  appear  that  in  this^  as  in  other 
branches^  steps  in  invention  that^  when  once  made^  appear 
exceedingly  simple  and  obvious,  are  often  the  most  difficult 
to  take.  The  chance  that  such  steps  will  be  made  is  in- 
creased by  bringing  to  bear  upon  them  the  greatest  num- 
ber of  heads;  for  the  peculiar  faculties  or  acquirements 
of  one  man^  or  set  of  men^  may  serve  to  carry  on  an 
invention  to  a  certain  point  at  which  it  is  prepared  for^ 
and  requires  those  of  another  set  of  men  who  may  carry 
it  further.  In  the  old  time^  the  exceeding  secrecy  and 
jealous  care  with  which  every  new  contrivance  was  guarded 
and  watched,  retarded  the  advance  of  machinery  to  an 
extent  that  we  can  hardly  believe.  Each  man  was  working 
in  ignorance  of  his  neighbours^  improvements,  and  every 
Art  was  indeed  a  Mystery.  And  not  only  did  these 
difficulties  obstruct  the  progress  of  machinery,  but  the 
enormous  expense  of  constructing  new  machines.  We 
know  that  the  art  of  construction  has  undergone  a  com- 
plete revolution  since  the  block  machinery  was  made,  but 
we  can  scarcely  estimate  the  prodigious  amount  of  labour 
and  thought  that  was  required  to  give  existence  to  that 
machinery,  which,  indeed,  could  never  have  been  effected 
w  ithout  the  resources  of  the  nation  in  the  then  imperfect 
state  of  the  art.  To  these  retarding  causes  must  be  added 
the  jealousies  of  workmen  and  their  dislike  of  new  methodi. 

I  have  already  alluded  to  the  advantage  of  promotu 
a   more   universal   knowledge   of  each   other^s    methon 
amongst  the  mechanists  of  different  branches  and  countries 
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A  very  intereatiug  part  of  the  Great  Exhibition  i 
collection  of  at  range -loo  king  tools  from  France,  Germat 
and  elsewhere,  differing  in  their  forms  and  handles  t 
mode  of  o|jeration  from  those  employed  for  the  s 
purposes  by  our  own  workmen.  Without  doubt  some  o 
them  might  afford  useful  hints  j  for  exanijile,  the  univen4fl 
employment  of  the  narrow  frame-saw  on  the  Continent  for 
work  that  we  perform  with  broad-bladed  sawSj  stiffened 
with  brass  or  iron  backs,  might  lead  our  workmen  to  con- 
sider whether,  after  all,  our  practice  is  not  carried  too  i 
in  this  respect. 

But  the  facilities  for  working  in  metal,  and  its  genet 
introduction  into  all  kinds  of  frame-work,  where  wood  ? 
exclusively  employed,  as  welt  aa  the  substitution  of  c 
iron  for  brass,  luis  made  it  imperative  upon  persons  of  li 
trades,  which  are  affected  by  these  changes,  to  learn  t 
management  of  these  new  materials,  if  they  desire  to  pro 
by  the  advantages  consequent  upon  their  employment. 
Thus,  the  philosophical  instrument  makers  formerly  em- 
ployed brass  for  their  metal  work,  and  constructed  their 
machines,  even  the  largest  astronomical  instruments,  in  a 
great  number  of  pieces  screwed  together.  We  have  now 
leavnt  that  stability  is  best  ensured  by  employing  fewer 
pieces,  and  that  cast-iron  Is,  on  all  grounds,  a  better 
material  thuu  brass.  But  the  tools  and  methods  of  work- 
ing in  cast-iron  are  wholly  different,  and  therefore  the 
philosophical  instrument  makers  must  turn  engiueers,  and 
employ  plauing-machines  and  the  like.  The  making  of 
large  clocks,  and  various  other  articles  of  common  ust^  J 
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must  undergo  the  same  change.  It  is  useless  to  say  that 
these  men  can  go  to  an  engineer's  shop  to  get  jobs  done 
for  them  as  required.  Such  a  method  can  only  lead  to  a 
partial  and  imperfect  employment  of  the  new  resources 
and  advantages  which  are  to  be  developed.  For  instead 
of  a  full  and  complete  adoption  of  these  novelties^  the  use 
of  them  will  be  necessarily  evaded  in  every  case  where 
they  can  be  dispensed  with^  unless  the  master- workman 
can  employ  them  freely  as  his  own. 

In  machinery  we  have  to  deal  with  every  kind  of 
material,  and  to  avail  ourselves  of  the  peculiar  properties 
of  all,  in  their  appropriate  places;  and  thus  a  skilful 
engineer  should  be  familiar  with  every  kind  of  mechanical 
manipulation  and  material,  from  a  sheet  of  card  paper  to 
an  iron  bar,  and  ought  to  know  as  well  how  to  hem  a 
pocket-handkerchief  as  to  rivet  a  boiler.  It  is  of  no  use 
for  him  to  employ  workmen  of  any  trade  in  carrying  out 
new  combinations  unless  he  himself  know  how  to  instruct 
them.  A  musician  who  is  about  to  compose  a  symphony 
need  not  be  able  to  play  on  the  violin  like  Paganini,  or  on 
the  piano  like  Thalberg,  but  he  must  be  well  acquainted 
with  the  powers  and  manipulations  of  these  and  every 
other  instrument  before  he  can  write  passages  that  will 
bring  out  their  effects  and  be  adapted  to  performance. 
And,  in  the  same  way,  a  man  who  intends  to  devise  and 
carry  out  a  new  machine  must  be  conversant  with  the 
peculiar  properties  and  mode  of  manipulating  every  kind 
of  material,  that  thus  he  may  select  and  avail  himself  of 
them  to  the  best  advantage. 
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PHILOSOPHICAL   INSTRUMENTS  AND  PRO- 
CESSES, AS  REPRESENTED  IN  THE 
GREAT  EXHIBITION. 


''  Philosophical  Instruments  and  Processes,  as  re- 
presented  in  the  Exhibition/'  form  the  subject  of  my 
Lecture  this  evening.  To  place  you  in  possession  of  my 
proposed  arrangements  for  treating  this  subject^  you  will/^ 
perhaps,  permit  me  to  speak  of  that  which  I  have  done  as 
Reporter,  and  to  present  to  you  a  brief  sketch  of  the 
nature  of  the  duties  which  devolved  upon  me,  both  in  that: 
capacity  and  in  that  of  Juror  for  Class  X. 

My  design  in  writing  the  Report  was  to  render  it  such 
a  record  of  the  subjects  included  in  Class  X.,  that  as  the 
time  arrived  when  the  present  generation,  witness  of  the 
contents  of  the  Great  Palace,  should  have  passed  away, 
it  should  stand  to  succeeding  generations  as  an  authentic 
record  of  the  whole  collection,  so  classified  as  to  kind  and 
merit  as  to  defy  the  influence  of  tradition  either  to  its 
enhancement  or  detraction ;  convinced  that  by  so  doing  I 
was  best  fulfilling  the  trust  confided  to  me,  the  object  of 
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in  fact^  before  you  a  true  representation  of  its  novelties  and 
excellencies^  in  the  same  manner  as  the  Report^  shortly  to 
be  published,  will  give  you  a  true  representation  of  its  con- 
tents as  they  existed, — I  hope  that  the  lengthened  attention 
you  may  grant  to  me  will  be  repaid  by  the  possessing  you 
of  a  part  of  that  information,  which,  far  from  being  ephe- 
meral, has  only  been  elicited  by  months  of  examination, 
inquiry,  and  comparison,  to  be  stored  away  among  the 
scientific  archives  of  the  day,  and  so  added  to  our 
treasury  of  knowledge,  from  which  alone  can  we  draw  that 
clue  to  guide  us  through  the  unknown  regions  which  still 
interpose  between  our  knowledge  of  facts  and  their  go- 
verning laws. 

For  the  fulfilment  of  the  duties  of  Juror  and  Reporter, 
two   classes   of  investigations  were  required.     That  of 
Juror  claimed  and  exacted  from  me  the  careful  and  unpre- 
judiced examination  of  subjects,  and  involved  a  just  deter- 
mination of  originality  of  construction,  improvement  of 
processes,  discovery  of  principles,  and  a  correct  appreci- 
ation of  mechanical  skill;  that  of  Reporter,  a  duty  to 
which  I  was  elected  at  a  much  later  date,  required  still 
more  for  its  fulfilment ;  and  I  found  it  necessary  to  make 
myself  acquainted  with  the  characteristics  of  each  country^s 
contributions,  how  far  the  state  of  science  was  represented 
by  each,  the  causes  of  deficiencies,  and  finally  to  examine 
with  care  the  sources  both  of  success  and  failiv         '^ 
result  of  these  investigations,  which  for  mom^ 
the  Exhibition  a  vast  school  to  me,  and  a  l 
firming  long  preconceived  opinions,  may  euii 
success  to  point  out  those  novelties  and  i 
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maintain  this  rank  and  materially  to  administer  to 
ncccNuitio  and  comforts  of  mankind,  befure  men's  thong 
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became  directed  to  the  elucidation  of  those  causes^  with 
the  effects  of  which  they  were  daily  familiar;  but  the  time 
came^  slowly  and  gradually^  when  the  powers  of  science 
became  imveiled,  very  imperfectly  it  is  true,  but  still  so  far 
as  to  impress  on  the  mind  of  the  inquirer  a  conviction 
of  its  power  to  repay  every  attempt  made  to  penetrate  its 
obscurity. 

The  steps  in  the  progress  of  science,  however,  are, 
though  numerous,  so  small,  and  pass  by  so  unperceived, 
that  insensibly  we  are  not  led  to  wonder  at  that  which 
some  years  back  would  have  been  considered  a  miracle : 
in  illustration  of  which  are  the  means  of  locomotion  now 
at  our  command  through  the  applications  of  steam  power ; 
the  instantaneous  communication  between  place  and  place, 
even  to  the  connecting  our  own  island  with  the  Continent, 
through  the  agency  of  electricity;  the  discovery  of  elec- 
tro-magnetism, and  its  subsequent  applications,  some  of 
which  I  shall  this  evening  mention ;  the  discovery  of  pho- 


tography, and  its  application  to  the  purposes  of  astro- 
nomical science,  and  to  the  self-registration  of  naturd 
phenomena,  which,  all  unthought  of  a  few  years  ago,  but 
nowTn  full  activity,  create  no  feeling  other  than  that  of 
admiration  at  the  vast  resources  so  gradually  and  surely 
unfolding  to  us.  And  when  we  pause  to  consider  that  the 
constituents  of  a  great  nation's  prosperity — agriculture, 
manufactures,  and  commerce,  in  their  excellence^  are 
dependent  upon  science,  the  first  upon  chemistry,  the 
second  upon  mechanics,  the  third  upon  navigation  (itself 
dependent  upon  astronomy),  we  see  that  the  repayment 
made  by  it  to  the  sources  of  its  establishment  puts  nations 
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in  possession  of  bd  elcmeut,  whicli,  according  to  the  cultd 
bestowed  upon  it,  is  capable  of  conferring  wealth, 
Njierity,  and  power. 

Such  being,  then,  the  nature  of  the  repayment  i 
by  acience  for  the  culture  bestowed  upon  it,  it  i 
now  to  show  how  far  its  own  interests  have  been  ] 
nioted  by  enabling  the  illustrious  President  of  this  Soc 
to  carry  out  a  conception,  the  success  of  which  ■ 
scarcely  more  desirable  than  necessary  to  the  giving  a 
tional  impetus  to  the  ever,  but  not  equally,  advancifl 
progress  of  science, — a  conception  which  never  before  i 
present  time  could  have  been  successfully  realized;  i 
long  as  it  is  since  the  free  and  unUtnited  intercourse  l 
tween  country  and  coimtry  baa  preseutcd  any  barrier  1 
the  progress  of  the  arts  and  sciences,  it  is  only  lately  t! 
through  their  joint  instrumentahty  space  has  been  so  I 
aniiihiluted  as  to  permit  objects,  to  the  attainment  i 
which  a  limited  time  must  sufEce,  to  be  successfully  a 
through ;  and  had  it  not  been  for  the  recent  and  rapi 
advance  of  science,  the  Exhibition  itself  could  not  tru 
have  represented  its  existing  state  in  all  countries  at  a 
and  the  same  time, — a  representation  only  to  be  e£Fec 
by  the  sufficing  of  a  few  months  for  the  erection  of  t 
building  and  the  arrangement  of  its  contents. 

The  prosecution  of  the  inquiry  of  how  far  the  interests 
of  science  will  have  been  promoted  by  the  Exhibition 
brmga  me  to  the  immediate  subject  of  my  Lecture,  and 
requires  that  I  should  lead  you  back  to  the  time  when  the 
Exhibition,  with  its  multitudes,  gave  ample  proof  of  the 


public  willingness  to  incur  both  toil  and 


expense  i 
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refined  gratification  afforded  by  the  ciilti?stion  of  intellect, 
— a  gratification  so  sought  by  our  countrymen  at  home 
and  visitors  from  abroad,  that  we  are  fidrly  entitled  to  look 
for  deep  and  lasting  results. 

An  interchange  of  ideas  between  men  of  different 
countries  has  ever  been  esteemed  valuable  and  conducive 
to  the  extension  of  knowledge ;  but  never  before  the  era  of 
the  Exhibition  was  the  gathering  together  men  of  all 
nations,  and  different  pursuits,  contendmg  interests,  views, 
and  feelings,  for  its  acquisition  from  one  grand  source,  for 
a  time  made  common  to  all,  ever  resorted  to  as  a  means 
to  its  further  extension.  Thousands  of  our  countrymen 
have  visited  the  collection  of  Class  X.,  having  seen  for  the 
first  time  instruments  of  which  they  may  have  read,  or  only 
heard,  and  therefore  never  clearly  understood,  and  have 
returned  home  with  increased  knowledge  and  new  ideas ; 
regulated  in  kind  by  individual  bias,  but  dependent  in 
amount  and  value  upon  the  circumstances  of  education, 
mental  capacity,  and  social  position.  Of  visitors  from 
abroad,  the  same  mixture  of  classes  was  not  to  be  antici- 
pated, and  experience  has  shown  that  the  majority  of 
foreign  visitors  were  possessed  of  more  extended  informa- 
tion than  the  average  class  of  their  countrymen, — informa- 
tion rendered  valuable  to  us  in  proportion  to  its  amount, 
and  the  facilities  obtained  by  them  for  its  diffusion ;  these 
must  have  been  great,  for  practical  scientific  men  were 
brought  into  contact  with  practical  working  men  of  their 
own  and  other  countries,  and  men  of  science,  both  at 
home  and  from  abroad,  gathered  to  the  Exhibition  as  to  a 
common  centre. 
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and  tlieir  remedies,  and  cause  tile  coDversloii  of  iieretof 
suggestive  iuto  real  practical  improvements;  tLut 
an  intcrchauge  of  information  between  nations,  and  i 
contributing  to  the  advantage  and  wealth  of  all. 

Aa  knowledge  and  industrial  skill  are  rendered  permi* 
nent  'chiefly  through  the  publicity  given  to  thetii,  so,  in 
like  mauner,  ia  necessary  to  the  extension  of  discovery  and 
the  developenient   of  principles  the  publicity  ivhicli   the 
Exhibition  has  so  eminently  afforded ;  some  instances  of 
the  accelerating  power  of  which,  over  the  adoption  of  Dew 
methods  and  new  applications,  I  shall  this  evening  iBw 
stauce.      But  I  will  not  occupy  you  longer  with  tbctifl 
reflections,  founded,  however,  so  far  as  connected  with  the  *' 
Exlubitiou,  upon   the   careful   estimation   of  facts  which 
have  fallen  beneath  my  own  observation,  and  are  not  at 
all  influenced  by  an  imngination  which,  from  my  having 
been  engaged  during  my  whole  life  in  elucidating  results 
from  given  and  assured  facts,  is  singularly  averse  to  bU 
speculative  suggestions. 

Before  proceeding  farther,  it  will  be  desirable  to  p 
out  how  far  the  list  of  expected  Philosophical  Inatrnioel 
has  been   realised.     The  following  list  is  a  copy  o 
drawn  up  by  Dr.  Flayfair,  and  printed  in  the  ' 
Catalogue :" 

PHILOSOPHICAL  INSTRUMENTS. 
DR.  PLAYTAIR-S  CLASSIFICATION. 
Inhtbcuents  for  MEAsrRtNO  OF  Space. 

1.  In  fixed  Observatories,  as  Transits,  Transit   Gin 
Great    QuBilrsuts,    Mural   Circles,   Zenitli 
Altorimeters,  Equatoreals,  ColliinEtors,  £c. 
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2.  For  Nautical  Astronomy  and  Observations,  as  Sextants, 

Reflecting  and  Repeating  Circles,  Dip  Septors,  &c. 

3.  Astronomical    and    Topographical     Illustrations,     as 

Globes,  Orreries,  Planetariums,  Maps,  Charts. 

4.  Optical  Instruments,  as  great  Refracting  and  Reflecting 

Telescopes,  with  their  appurtenances,  Equatoreal 
Motions,  &c. 

5.  Apparatus   subordinate  to  Graduated  Instruments,  as 

divided  Object-glasses  and  Heliometers,  Eye-pieces, 
Micrometers,  Micrometer  Microscopes,  kc, 

6.  Survey  Instruments,  Topographical,  as  Base  Apparatus, 

Theodolites,  Repeating  Circles,  Geodetic  Signals, 
Levelling  Apparatus,  Miners'  and  Prismatic  Com- 
passes, Pocket  Sextants,  Perambulators,  Pedometers ; 
Hydrographical,  as  Sounding  Machines,  Patent  Logs, 
Current-meters,  Silometers. 

NSTRUMENTS    TO    MeASURE    THE    EFFECTS     OF    MECHANICAL 

AND  Physical  Forces. 

1.  Mechanical,  as  Dynamometers,  Tachymeters. 

2.  Mass-weighing   Instruments,   as  Weighing   Machines, 

Scales,  Chemical  and  Assay  Balances. 

3.  Density,  as  Areometers  and  other  Instruments  to  dc; 

terraine  specific  gravity.  Invariable  Pendulums,  At- 
wood's  Machine. 

4.  To  measure  other  physical  effects,  including  Meteoro- 

logical Instruments,  as  Barometers,  Hydrometers, 
Eudiometers,  Thermometers,  Pyrometers,  Electro- 
meters, Rheometers,  Magnetometers,  &c. 

Belief  or  Model  Mapping. — Specimens  of  Models. 

Standard  Measures  of  Length. — Standard  Bars,  Standard 
Bar  Measure. 
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Coia-wtiijking  Machine*. 

Optical    liutramenti.  —  Telescope    Micros  cti  pes ,    Optioil 

Objett-glaases  for  Telescopes,  Solid  Eje-pieces.  OptJMl 


Glasses,  Lenses,  "-■ 
HeliostHts,  Sacthni 
Opera  Glasses,  Diat 
PrUmatic  Laiiti;m, 
graphic  Camera,  M 
Glasses. 

Photography. — D  a  guerre 
types,  Sun  Pictures. 

Air  r  limps. 

M-yial  Machines. 


Speed  ums,  LiKlit-hoaseii. 
,  Holoscopes,  Sppirtaclet, 
Views  Apparatus,  Dioptric 
smsgoria  Lonti^ni.  Photo- 
ng  Cameras,   Fhoiographic 


Pictures,  Talbotypes, 


Kal4^ 


The  following  list  contains  a  similarly  classified  speci- 
fication of  those  instruments  which  really  were  exhibited, 
and  a  comparison  with  that  of  Dr.  Flayfair  will  show  the 
IS,  and  their  nature : — 


PHILOSOPHICAL  INSTRUMENTS  AS  EXHIBITED. 

Aalronomical  IiistrumenU.  — Transits,  Equatoreals,  Tran- 
sit Circles,  Altitude  and  Azimuth  Iiistranients,  Ap- 
paratus for  recording  Observations  by  means  of   Gal- 


Xautical  Instrutnents. — Reflecting  Circles,  Sestants,  Sea- 
lead,  Self-detector  Compasses,  Aquatic  Velocimeter. 

Surveying  and  Levelling  Instruments.  —  Transit  Theo- 
dolites, Theodolites,  Repeating  Theodolites,  Miners' 
Theodolites,  Sur\'eying  Cross,  Levels  and  Levelling 
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Apparatus,  Beam  Dndnmg  Lereb,  LevelliDg  Pro- 
tzactor,  Minera'  Compasses,  Astronomical  Compasses, 
Diastimeter  (Distance  Measurer). 

Ma^netitm, — Magnets;  Application  of  ESectro-magnetism 
to  the  Moyement  of  Machines. 

Eleetrieiiy.  —  Electric  Telegraph,  Domestic  Telegraph, 
Chemical  Apparatus. 

Meteorological  InetrumenU.  —  Self-registering  Meteorolo- 
gical Apparatus,  Barometers,  Thermometers,  Aiiemo- 
meters,  Tjphodeiciton  or  Storm  Pointer,  Pirometers, 
Dynamometers,  Tide  Ouages. 

Drawing  InetrumenU.  —  Proportional  Compasses,  Cases 
of  Instnunents,  Pknimeter,  Graphic  Telescope,  Pro- 
tractors, Pentagraphs,  Parallel  Rulers,  Sectors. 

Orreries,  Vlanetariums,  Astronomical  MachineSf  Dialling 
Globes,  Calculating  Machines,  Instruments  for  the  BUnd, 
Miscdlaneous. 

Appucation  of  Mechanical  and  Physical  Science  to 
Useful  Purposes,  not  included  in  any  of  the  preceding 
or  subsequent  Sections. 

1.  Mechanics, — 

-\  When  not   included  in    Sec- 

a  Stereo-Mechanics   I  ^^^  dcHcribing  tibeir  more 

b  Hydro-Mechanics  J  ^^^^  ,^ 

e  Pneumo- Mechanics  ;    Air-Pumps  —  rarefying    and 
condensing ;  Diving  Bells ;  Air  Balloons,  &c. 
•2.  Sound. — (Not  including  Musical  Instruments.) 
a  Instruments  to  assist  Hearing. 
b  Alarums ;  Bells. 
c  Models  of  Acoustical  Buildings,  &c. 
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I. — InstramenW  to  ftssiat  Vision, — as,  Smitller  Teb-f 
Bcopea,  Opera-glasses.  Specbwles,  Micro90-oj>e8. 1 
Mirrors,  Signals,  Visual  Telegraphs,  Lighthot 
tical  Illusions.   Gaa  and  Solar  Microscopes.  Camei 
Pliotogmphy,  Polarization  of  Light,  At.. 


.  Heat. — Apparatus   f 
Themiostiits,  Bun 

,  Magnetitm  and  Eh 
trie  and  Electro- mag 
Applications  of  Elecl 
Therapeutic  Applicati 
Apparatus  and  Specii 

.  Chemical  and  Pha\ 

.  Miscellaneous. 


"ucing  Heat,   for  Freeziii| 
ses,  and  Mirr 
Mariners'  Compssaes,  Elec   tf 
lelegniplis,  Electric  Light. 
gnetism  as  a  Motive  Power. 
of  Electricity,  Electroty{ 


/  Apparatus. 


ftJgg^ 


Instruments  to  Illustrate  the  Laws  of  Mechanical  and 
PiivsicAi.  Science. 

1.  Kinematics. — Instruments  to  exhibit  and  describe  Mo- 
tions and  their  Couilii nations ;  Compasses,  Penta- 
graphs.  Instruments  for  describing  Elliptical  and 
other  figures.  &c. 
9.  Mechanics,  or  Instrument*  to  ilkistrate  the  La\ci  of 
Static  and  Dynamic  Forces 

a  Stereo- raecliiinics  ;  as  lor  iliustrnting  Meclianical 
Powers,  Accelerated  and  Retarded  Motion,  Equi- 
librium and  Parallelogram  of  Forces,  Levers,  Ca- 
thetometers,  Centripetal  and  Centrifugal  Forces, 
Elasticity,  ic. 
b  Hydro-mechanics,  as  Instruments  to  illustrate  the 
Motion  mid  Impinging  Force  of  Waves,  ic. 
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e  Pneamo-mechamcs,  as  Apparatus  connected  with  llie 
Air-pumps,  &c. 

3.  Instruments  to  illustrate  the  Laws  of  Corpuscular  Forces, 

as  Wbitwortih^s  Planes ;  Endosometers. 

4.  Instruments  to  illustrate  the  Laws  of  Sound. 

5.  Instruments  to  illustrate  the  Laws  of  Light 

6.  Instruments  to  illustrate  the  Laws  of  Heat 

7.  Instruments  to  illustrate  the  Laws  of  Electricity,  in- 

cluding Voltaic  and  Thermo-deotricitj,  Magnetism, 
Electro- magnetism,  Magnetic  Electricity,  Dia-mag- 
netism,  &c. 

Many  of  the  omissions  are  easily  accounted  for.  More 
than  one  of  our  best  opticians  were  averse  to  exhibiting  at 
all ;  and  when,  finally,  they  did  exhibit,  sent  such  instru- 
ments as  were  most  easily  procurable,  and  which  could  be 
most  conveniently  sent.  It  was  not  to  be  expected  but 
that  the  Exhibition,  in  its  infancy,  would  have  to  contend 
with  reluctance  on  the  part  of  those  whose  contributions 
must,  by  their  nature,  be  costly,  and  easily  deranged,  either 
by  exposure  or  by  transmission  from  place  to  place ;  but, 
as  the  undertaking  progressed,  and  its  success  became 
assured,  this  reluctance  was,  in  many  cases,  overcome  by  a 
conviction,  that  the  benefit  to  be  derived  from  exhibition 
would  counterbalance  the  possible  deterioration  of  the 
contribution,  though  the  willingness  to  exhibit  induced 
by  this  conviction,  in  several  cases,  came  too  late  to  be 
made  available.  All  these  considerations,  among  which 
the  portability  of  the  instruments  was  one  of  great  im- 
portance, influenced  greatly  the  extent  of  the  collection 
from  foreign  countries,  forming  altogether  a  combination 
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of  circiiiDBtaDCca,  the  eidsteoce  of  which  should  prevent 
our  cntertainiDg  any  feeling  of  surprise,  though  we  may 
be  permitted  to  express  one  of  disappointmeut,  at  the  dif- 
ference plainly  observable  between  Dr.  Playfair's  list  and 
tny  own  specltication  of  subjects  actually  exhibited. 

The  same  causes  joined  to  the  many  and  contending 
interests  of  those,  particularly  of  our  o(to  country,  who 
did  exhibit,  operated  to  produce  other  results.  Many 
were  impelled  to  exhibit  from  the  opportunity  afforded 
them  of  taking  a  recognised  step  in  advance  of  their  for- 
mer position,  by  contributing  some  novelty,  improvement, 
or  specimen  of  good  workmanship,  the  highest  effort  of 
their  productive  skill ;  others  exhibited  in  a  purely  com- 
mercial point  of  view,  and  sent  collections  of  shop  good» 
calculated  to  attract  the  attention  of  the  nndiscerniiig  part 
of  the  public,  more  intent  upon  the  possession  of  a  cheap 
and  attractive,  than  an  essentiaily  good  instrument.  Some 
few  were  actuated  by  a  desire  to  preserve  undiminished  to 
our  country  the  credit  due  to  her  philosophical  instrumt 
and  their  makers,  and  so  furnished  to  the  public  an  op] 
tunity  of  inspecting  instruments,  too  valuable,  and 
their  use  too  exclusive,  to  be  often  so  exposed ;  for  in  the 
practice  of  an  observatory,  in  the  use  of  balances,  in  the 
measuring  rods  of  a  survey,  the  standard  measures  of 
length  by  which  they  are  determined  require  a  seclusion, 
the  object  of  which  would  be  totally  deflated  by  the  ad- 
mission of  the  general  public  to  the  iuspectioQ  of  tbb. 
instruments  so  in  use.  It  must,  however,  be  clearly^ 
understood  that  the  instruments  as  eollected  did  not  trul] 
represent  the  existing  state  of  scienee. 


:dto 

ipo^H 
1  ™  ■ 


AMO  psocstm.  889 

Since^  in  the  Report^  I  have  induded  such  leflectiicms 
as  presented  theniBelves  to  my  mind  at  the  time  of  writing, 
and  when  the  inatroments  were  all  eollected,  those  I  shall 
speak  of  to-night  will  chiefly  be  the  resnlt  of  reflection  and 
experience  since  the  close  of  the  Exhibition.  In  following 
out  my  proposed  arrangement,  I  shall  adhere  as  mnch  as 
possible  to  the  order  observed  in  the  Lists  and  in  the 
Report;  and  as  the  subjects  are  numerous  and  varied,  I 
must  be  permitted  to  pass  without  comment  from  one  to 
the  other,  however  differing  in  their  objects  and  arrange^ 
ments.  According,  then,  to  the  order  of  classification, 
Astronomical  Instruments  claim  our  first  attention. 

Astronomical  Instbumbnts. 

That  large  astronomical  instruments  should  be  much 
represented  in  the  Exhibition  was  not  to  be  expected,  and 
particularly  from  distant  lands;  their  removal  is  at  all 
times  hazardous,  and  equally  injurious,  probably,  would 
have  been  their  exposure  for  any  length  of  time  :  hence 
we  find  that,  with  the  exception  of  the  large  equatoreal  by 
Boss,  there  was  not  one;  and  in  this  case,  the  divided 
circles^  or  delicate  portions,  were  not  lai^.  This  instru- 
ment was  principally  remarkable  for  its  solidity,  good  dis- 
tribution of  strength,  and  fewness  of  parts.  It  was  fur- 
nished with  clock  motion,  and  was  a  fine  specimen  of 
engineering  casting. 

As  regards  the  instruments  exhibited  by  Simms,  they 
were  distinguished,  not  only  by  excellent  workmanship, 
but  also  for  new  contrivances,  greatly  fiidlitating  observa- 
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tion ;  and,  when  it  is  considered  bow  many  men  of  a  faifb 
order  of  mind  have  devoted  themselves  to  the  coastnictioti 
of  utronomical  instruments,  any  decided  improvemeiil 
tiidieatei  a  very  high  order  of  merit :  some  of  these  im- 
provement a  I  will  enumerate. 

To  two  equalorcals  exhibited  by  Mr.  Simms,  he  hu 
kdapted  their  cquatoreal  axes  for  the  appbcation  of  a  level, 
end    thus  greatly   simplified  their  adjustments,   beaidK;>p 
ntakiug  them  more  useful  instruments.     To  one  of  t 
was  applied  a  clock-wurli  motion,  by  means  of  whliQi  Ij 
motion  of  the  telescope  was  made  to  counteract  thit^jj 
the   earth,   thus  enabling  the  observer  to  look  upm  ^ 
Tnoving  object  as  though  it  were  not  moving. 

To   an  altitude-and-azimutb  lUstrument,   &   telescope 
furnished  with  spider  Iidcs  was  placed  in  the  centre  of  its 
aiimuthal  axis,  for  the  purpose  of  acting  as  a  central  o 
uator  and  constant  referring  point. 

Another  novelty  was  the  conversion  of  the  axis  ctm 
transit  instrument  into  a  telescope,  thus  affording  a  ready 
means  of  examining  the  form  of  its  pivots,  as  well  a 
dily  adapting  it  to  the  observation  of  stars,  both  in  tlie^ 
meridian  and  in  the  prime  vertical. 

To  a  small  transit  circle,  furnished  with  one  lamp,  1 
■hown  a  modi;  of  illiiminating  the  divisions  on  the  micr 
meter  head,  on  the  limb  and  the  tield  of  view,  in  such  e 
way  that  the  observer  should  have  complete  power,  either 
over  the  illuraioatiou  of  the  entire  field,  or  of  the  ^ 
alone,  the  field  itself  being  in  darkness.  The  obaerverj 
thus  enabled  to  record  the  position  of  a  star  whose  ] 
is  BO  feeble  that  the  auiouut  of  light  merely  sufficient  4 
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illumine  the  field  is  more  than  enough  to  drown  that  of 
the  star.  It  is,  in  fact,  an  arrangement  by  which  our 
optical  power  is  increased  by  our  present  optical  means. 

It  would  be  well  to  dwell  for  a  few  moments  on  the 
different  modes  of  illumination.  As  you  all  know,  the 
field  of  view  in  the  telescope  of  an  astronomical  instrument 
ia  furnished  with  a  system  of  one  or  two  horizontal,  and  of 
five  or  seven  vertical  wires,  as  shon-n  in  the  annexed  dia- 
gram, which  exhibits  the  appearance  of  the  field  of  view 
when  under  full  illumination,  and  when  tlic  wires  only  are 
illuminated. 


o 


An   "  observation  "  by  an  instrument  placed  in  the 
plane  of  the  meridian  consists  in  directing  the  telescope  so 
that  the  star  is  bisected  by  the  horizontal  wire  (to  deter- 
mine its  north  polar  distance),  and  by  noting  the  times  at 
which  it  passes  the  several  vertical  wirca  (      ' 
right  ascension) ;  these  times  being  I 
tally  dividing  into  ten  parts  the  spi 
in  one  second,  and  deciding  tl 
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it  croHBed  the  wire,  aa  shonn  in  the  example  subj< 
the  above  diagrams. 

As  there  are  but  few  object-glasses  large  enoagh 
show  many  stars  during  the  day,  it  is  necessary  that  the 
field  of  view  be  illuminated  in  order  that  the  wJrea  be  di«- 
tiactly  seen  at  night.  This  was  doue  formerly  by  placing 
a  small  oval  reflector  in  front  of  the  object-glass  of  the 
telescope, — a  plan  not  only  objectionable  on  account  of 
some  part  of  the  aperture  being  cut  off,  but  because,  on 
change  of  altitude,  it  was  necessary  to  rc-arrange  the  dis- 
tant tamp  or  candle,  bo  that  the  light  should  fait  properly 
upon  the  reflector  for  convergeuce  to  the  wire-plate  of  the 
telescope,  as  shown  at  c  in  fig.  1  of  the  annexed  diagram. 


I 

I 


The  introduction  of  a  diagonal  reflector,  placed  within 
the  axis  of  an  astronomical  telescope  at  an  angle  of  45°, 
was  a  very  great  improvement  upon  the  preceding  methoi 


AND  PBOCE88BB.  848 

the  light  in  this  case  passes  from  a  lantern^  k,  placed  near 
one  of  the  pivots  of  the  axis  upon  which  the  telescope 
turns,  perforated  to  receive  a  convex  lens :  by  this  arrange- 
ment, the  rays  of  light,  after  crossing,  diverge  upon  and 
are  spread  over  the  surface  of  the  reflector,  ff  h,  by  which 
they  are  turned  at  right  angles,  and  are  thus  made  to  illu- 
minate the  field  of  view. 

The  degree  of  illumination  necessary  is  dependent 
upon  the  brightness  of  the  object,  and  hence  the  necessity 
for  a  means  of  varying  the  amount  of  light ;  this  has  been 
effected  in  various  ways,  such  as,  by  turning  the  lantern 
out  of  the  direct  Une  of  the  axis,  by  introducing  an  adjust- 
able aperture  between  the  lantern  and  the  perforated  end 
of  the  pivot,  or  by  placing  an  expanding  diaphragm  be- 
tween the  eye-piece  and  the  diagonal  reflector.  But  Mr. 
Simms  has  effected  all  this  much  more  simply  and  effectu- 
ally by  giving  motion  to  the  reflector  itself,  which  is  made 
to  turn  upon  pivots  (as  shown  in  figure  3),  by  means  of  a 
rod  proceeding  from  it,  m,  and  terminating;  beyond  the 
tube  of  the  telescope,  at  or  near  the  eye- piece,  and  conse- 
quently near  the  observer's  hand.  By  this  means,  the 
maximum  illumination  is  given  when  the  reflector  is  situ- 
ated at  an  angle  of  45^  from  the  axis  of  rotation  and  the 
optical  axis  of  the  telescope,  the  whole  of  the  light  being 
reflected  perpendicularly  upon  the  diaphragm ;  but  if  the 
reflector  be  turned  to  that  position  which  is  parallel  to  the 
axis,  no  light  whatever  is  reflected  firom  it. 
evident,  that  between  these  two  positioii 
illumination  can  be  obtained.  But  there  ai 
such  as  comets,  nebulae,  small  planets^  and  i 
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visible  only  when  all  light  is  excluded  from  the  field.  To 
ascertain  the  position  of  such  objects  was  one  of  great  dif- 
ficulty ;  the  means  usually  adopted  were,  the  insertion  of 
very  thick  bars  of  metal  in  the  wire-plate  or  diaphragm, 
instead  of  fine  wires,  and  in  observation  to  hide  the  star 
behind  the  horizontal  bar  to  determine  its  north  polar  d 
tance,  the  times  of  its  diBappearance  behind  the  i 
vertical  bars  being  noted  to  determine  its  right  a 
but  such  observations  were  little  better  than  guess-wi 
and  were  very  unsatisfactory.  Another  method,  ccrti 
much  better,  has  been  employed,  the  object  of  which  1 
to  iUumine  the  wires,  only  leaving  the  field  in  darki 
This  was  done  by  opening  a  channel  in  the  tube,  nearly! 
the  plane  of  the  diaphragm,  through  which  light  was  ad- 
mitted from  a  lantern  generally  attached  to  the  eye-end  of 
the  telescope.  This  arrange nient,'  though  certainly  much 
better  than  the  preceding,  was  open  to  grave  objections,  and 
leads  me  to  the  last  improvement  exhibited,  which  answers 
admirably,  inasmuch  as  it  places  the  degree  of  iJlutnina- 
tion  under  the  command  of  the  observer,  who  can  instan- 
taneously alter  it  in  such  a  manner  as  the  case  may  require. 
This  very  great  improvement  is  effected  by  the  attadi- 
ment  of  one  or  more  prianis  to  the  adjustable  reflector,  in 
such  way,  that  when  the  reflector  is  in  the  position  to 
reflect  the  largest  quantity  of  light  iu  the  direction  of  the 
optical  axis  of  the  telescope,  and  consequently  to  fill  the 
field  of  view  with  light,  the  prism  is  out  of  action ;  but 
that  as  the  intensity  gradually  diminishes  as  the  refiector 
approaches  to  that  position  parallel  to  the  axis  where  no 
liglit  is  reflected,  at  that  instant  the  prism  takes  up  the 
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niddle  pencil  of  rays  proceeding  from  the  lamp,  and 
3cts  it  to  another  prism  situated  in  the  plane  t>f  the 
wire  plate,  by  whidi  it  is  finally  reflected,  and  illuminates 
tbe  wires  only,  leaving  the  Held  in  darkness,  so  that  the 
observations  of  an  extremely  faint  object  can  be  as  easily 
obtained  as  those  of  a  bright  one.  This  arrangement  is 
explained  in  the  folloning  diagram. 


Let/rf  and/c  represent  the  (axis  of)  moveable  re- 
Ktor  in  its  two  extreme  positions,  viz.  that  in  which  it 
■dects  the  maximum  quantity  of  light,  and  that  iu  which 
t  reflects  no  light  whatever ;  A,  the  diaphragm  upon  which 
the  cross-wires  are  fixed  in  the  foeus  of  the  cye-pieee ;  i/, 
k  prism  so  placed  as  to  reflect  upon,  and  diffuse  over  the 
iftpbrngm,  such  rays  of  light  as  enter  it  in  the  direction 
hy;  and  b  e,  be,  bj,  rays  of  light  proceeding  from  the 
tntem  a  b. 

When  the  reflector  is  in  the  position /rf,  the  rays  6  e. 
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bj,  are  reflected  in  the  directioa  of  the  optical  axis  of  the 
telescope,  and  coDsequently  fill  the  field  of  view  with  tight. 
andgive  the  appearance  shown  in  the  first  diagram  (p.  341]. 

As  the  reflector  approaches  the  posilion/c,  the  Jntoi- 
sity  of  the  light  gradually  diminisbeB,  and  when  the  poM- 
tion  /  c  is  attained  no  light  whatever  is  reflected  ;  t 
instant  the  priani  d,  which  has  dropped  from  d  to  e, 
up  the  middle  ray,  b  c,  and  reflects  it  to  g,  causing 
field  of  view  to  assume  the  appearance  shown  in 
the  diagram  (p.  341), 

Mr.  Simms  exhibited  a  diagonal  transit  instrument,  erf 
the  same  form  as  that  so  much  used  on  the  CoDtinent ; 
in  this  construction  the  cone  of  rays  which  pass  from  the 
object'glasg  do  not  proceed  directly  to  a  focus,  as 
ordinary  telescope,  but  are  reflected  by  a  prism  or 
lum  placed  within  the  axis,  and  form  an  image  in 
the  pivots,  in  which  also  the  wire-frame  and  eye-piece 
placed,  as  shown  in  the  annexed  figure. 
h. 


p«i. 
t  tUiJ 
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In  this  form  of  instroment  the  coue  of  rays  trans- 
mitted by  an  object-glass^  hy  instead  of  proceeding  to  a 
focus  at  Yy  are  intercepted  by  a  prism  at  c,  and  reflected  to 
g^  where  an  image  is  formed  upon  the  diaphragm  in  the 
focus  of  the  eye-piece. 

The  advantage  possessed  by  this  form  of  instrument 
over  that  ordinarily  used  is,  that  the  observer  is  seated  with 
all  ease  at  his  instrument,  and  has  no  change  of  position 
to  make,  whatever  may  be  the  altitude  of  the  object  under 
observation ;  the  serious  objection  to  its  use  has  hitherto 
been  the  defective  means  obtained  for  illuminating  the 
field  of  view,  as  was  to  be  seen  in  the  instrument  shown  by 
Ertel  in  the  Exhibition,  where  the  old  method  was  still 
adhered  to,  viz.  placing  a  small  diagonal  reflector  in  front 
of  the  object-glass,  as  shown  in  diagram  2,  a  plan  to  which 
there  are  many  objections :  1st.  The  difficulty  of  throwing 
light  at  all  upon  the  reflector;  2dly.  The  trouble  of  re- 
adjusting it  for  every  change  of  position ;  and,  Sdly.  Fart 
of  the  object-glass  is  cut  off.  In  the  instrument  exhibited 
by  Mr.  Simms,  he  has  most  ingeniously  overcome  these 
difficulties  by  introducing  in  the  other  pivot  a  convex  lens, 
a,  and  at  the  back  of  the  prism  a  second  convex  lens,  i, 
the  diameter  of  the  latter  being  such  that  three  segments 
of  it  project  beyond  the  sides  of  the  prism,  c.  In  this 
arrangement  the  rays  of  light  firom  the  lantern,  first  con- 
verged by  the  small  lens,  after  crossing,  again  diverge  and 
fall  upon  the  larger  lens,  by  the  refractive  power  of  whid* 
they  again  suffer  convergence  and  are  diffused  over  iSbt 
field  of  view,  g» 

Germany  furnished  a  portable  universal  instrument  bj 
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Ertel  and  Sons :  this  was  a  beautiful  inatniment,  intended 
by  its  maker  to  combine  the  greatest  possible  simplieitj 
with  the  greater  possible  fimuiea§ ;  its  clamps  vck 
applied  in  all  cases  to  the  centre,  to  prevent  the  bend- 
ing of  the  spokes  or  affecting  the  figure  of  the  circle. 
The  work  of  this  instrument  in  every  respect  was  found 
to  be  very  good,  the  divisions  were  fine,  clear,  aad 
distinct. 

A  portable  equatoreal,  of  good  workmanship,  waa  { 
warded  by  Merz,  of  Munich,  who,  by  not  forwarding  ■ 
more  original  and  valuable  instrument,  did  not  do  jufti 
to  himself  or  German  work,  which  was  not  properly  r 
sented  in  the  Exbtbitiun,  for  Germany  by  no  means  ] 
forth  her  streogth. 

The  divisions  on  both  these  instruments  ' 
specimens  of  hand-dividing ;  and  when  it  is  consii 
that  this  operation  requires  the  operator  to  be  in  a  d 
ened  room  for  weeks  together,  involving  close  applies 
of  a  most  hurtful  nature  to  his  health,  it  ia  with  mac 
satisfaction  we  find  that,  beautiful  as  the  divisions  on 
Simms'  instruments  were  found  to  be,  they  were  the  work 
of  his  self-acting  dividing  engine,  and  that  the  whole  of 
the  operations  of  dividing  and  cutting  were  performed  by 
machinery,  independent  of  any  personal  superintendenct ., 
after  the  preliminary  aiTangements  were  completed, 
application  of  this  machine  materially  lessens  the  e 
of  instruments,  thereby  placing  the  pursuit  of  science  mori" 
in  the  power  of  those  who,  earnestly  mshing  to  be  useful, 
could  not  with  prudence  incur  too  large  an  outlay  in  tba 
.  purchase  of  instruments. 


itendenCE  — 
«!.    lUJI 
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It  is  remarkable  that  not  a  smgle  astronomical  instru- 
laieDt  was  fuTDished  by  France. 

'.  must  for  a  moment  be  permitted  a  digression,  in 
lorder  to  complete  my  description  of  the  novelties  exhibited 
pin  this  section. 

In  the  year  1800,  Volta  discovered  that  voltaic  elec- 
tricity was  generated  by  the  imniei'sion  of  two  metals  in 
an  acid,  which  acted  on  one  of  tbem :  in  1820,  Oersted 
linked  together  the  sciences  of  electricity  and  magnetisni, 
and  proved  that  the  one  acta  upon  the  other,  not  in 
straight  lines,  as  other  forces  do,  but  in  a  direction  at 
right  angles ;  so  that,  if  bodies  be  invested  with  electricity, 
they  possess  a  tendency  to  place  magnets  in  a  position  at 
right  angles  to  tbcmsclves,  whilst,  on  the  contrary,  mag- 
nets have  the  effect  of  placing  bodies  conducting  electricity 
at  right  angles  to  themselves,  and,  consequeutly,  an  electric 
nent  exercises  a  magnetic  action  at  right  angles  to  its 
Q  direction :  if,  then,  a  wire  be  coiled  in  a  spiral  form, 
md  electrified,  it  becomes  a  magnet ;  and  if  within  this 
BoU  be  placed  a  core  of  soft  iron,  which  has  the  effect  of 
mcentratirig  its  power,  it  becomes  a  very  powerful  mag- 
et,  and  by  making  and  breaking  its  connexion  with  a  gal- 
nic  battery,  tbus  alternately  making  and  destroying  the 
■action  of  magnetism,  we  can  instantly  unmake  this  magnet 
and  obtain  a  moving  power,  which  it  is  evident,  when  once 
produced,  is  capable  of  application  to  many  purposes  by 
suitable  mechanism. 

The  Americans,  with  their  cliaracteristic  energy,  have 

extensively  used  these  pb^rio^^^n  in  their  electric  tele- 

F  graphs,  and  have  also  apfilted  thaBI>lg  afttrouomical  pur- 
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pones,  and  to  the  determi nation  of  the  difference  of  longi- 
tuile.  In  the  Americnn  department,  No.  37,  Bond  exhibited 
nil  apparatus  for  observing  transits  hy  means  of  a  galvanic 
circuit.  It  consists  of  a  break-circuit -clock,  battery,  wjrca. 
and  a  cylinder,  around  which  paper  is  wrapped.  This  cy- 
linder is  mounted  on  a  delicate  axis,  fumi«)ied  with  fric- 
tion rollers,  and  revolves  once  in  a  minute;  the  circuit  ii 
broken  and  restored  by  the  seconds  pendultim,  so  that  60 
seconds  arc  recorded  on  one  line :  there  are  60  lioes  on 
each  sheet  of  paper.  The  armature  of  the  electro-magnet 
carries  a  glass  pen,  supplied  with  ink  from  a  small  reser- 
voir, and  the  ncords  are  made  as  the  paper  revolves  under 
this  pen. 

In  ordinary'  transit  obecrvations  the  observer  takes  k 
second  from  the  clock-face ;  counts  the  beats  whilst  the 
object  passes  the  wires ;  records  these  times  by  the  clock 
to  the  tenth  part  of  a  second  ;  writes  them  in  a  book,  still 
counting  the  beats  of  the  clock  ;  and  after  the  transit  of 
the  last  wire,  continues  counting  on  till  he  can  look  at  the 
clock-face  :  but,  in  the  new  method,  the  coineidcncc  of  the 
wire  and  the  object  is  noted,  at  which  instant  a  key  t« 
touched  with  the  finger,  this  touch  causing  an  imprcssim 
to  be  made  on  the  recording  appai-atus, — of  a  dot  if  the 
touch  be  momentary,  of  a  series  of  dots  separated  by  equal 
spaces,  if  the  intervals  of  time  between  successive  touches 
he  equal,  as  shown  in  fig.  1  of  the  annexed  diagram  ;  of 
lines  of  different  lengths,  if  the  times  of  pressing  the  key 
be  variable,  as  shown  in  figs.  2  and  5  ;  of  equal  lengths, 
if  the  times  be  of  equal  duration,  or  at  equal  intervals,  as 
shown  in  figs.  3,  4,  and  6.     In  this  manner  may  be  gene- 
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rated  a  series  of  dot§,  lines,  and  blanks  of  all  varieties  of 
leDgtbs. 


Lines  of  equal  length,  or  spots  equi-distaDtj  may  be 
registered  hj  tbe  movement  of  a  clock  alternately  making 
and  breaking  the  circuit,  as  well  as  by  the  finger  of  the 
operator;  and  lines  as  in  figure  3,  or  spaces  in  figure  4, 
may  be  made,  corresponding  to  intervals  of  one  second, 
and  thus  the  clock  be  made  to  mark  seconds  of  time.  If, 
then,  an  operator  should  make  contact  at  the  instant  of 
the  occurrence  of  any  phenomenon,  as  that  of  a  star  passing 
a  wire,  one  of  these  spaces  would  be  broken,  as  is  shown 
in  figure  7;  and  it  is  easy  to  estimate  the  tenth  of  a  second 
at  which  the  contact  was  made,  and  hundredths  of  a  second 
may  be  estimated  by  the  nse  of  a  transparent  scale,  as  in 
fig.  9,  whose  length,  just  equal  to  that  of  one  second  on 
the  paper,  being  divided  into  ten  parts,  and  made  to  cover 
the  whole  second,  aa  in  fig.  9,  where  the  register  appears 
between  four  seconds  and  five  seconds,  it  is  seen  at  a 
glance  that  the  occurrence  happened  between  four  seconds 
and  Beven-tenths,  and  four  seconds  and  eight-tenths  of  a 
second. 

The  apparatus  exhibited  registered  an 
as  shown  in  fig.  8,  but  the  principle  of  0 
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same.  There  may  be  many  difTerent  modes  of  recording. 
In  practice,  the  recording  apparatua  may  be  either  near  to 
the  observer  or  at  a  great  distance  j  either  at  a  few  yards 
or  at  a  thousand  miles. 

In  the  former  method,  the  eye  and  ear  are  brought 
into  play  ;  and  In  the  latter,  the  eye  and  hand.  The 
question  is,  whether  there  be  a  closer  connexion  between 
the  nerves  of  the  eye  and  the  ear,  or  between  those  of  the 
eye  and  the  finger.  The  latter  operation  seems  to  be  the 
more  simple,  inasmuch  as  the  obsener  has  not  to  listen  to 
a  clock,  and  to  write  down  one  time  whilst  he  is  counbng 
another. 

The  practicability  of  thus  recording  obscnations  is 
placed  beyond  a  doubt,  by  such  having  realty  been  recorded 
in  America,  at  Washington,  and  other  places,  and  appa- 
rently with  greater  accuracy  than  by  the  old  method. 

As  before  remarked,  the  recording  surface  may  be  at  a 
great  distance  from  the  observer,  so  that  the  galvanic 
telegraph  is  obviously  applicable  to  the  determination  of 
differences  of  terrestrial  longitudes,  by  connecting  one  sta- 
tion to  another  far  separated  by  mt«u8  of  a  wire;  bat  it 
becomes  imperatively  necessary  to  ascertain  whether  the 
time  occupied  by  an  electric  current  traversing  the  wire  be 
appreciable  or  not,  and  whether  it  really  passes  from  bIs- 
tion  to  station  in  less  time  than  human  means  can  detect. 
Experiments  to  determine  this  have  been  made  on  the 
long  lines  in  America;  and  the  last  resulls  I  have  Been 
show  that  the  electric  current  passes  through  a  copper 
wire  at  the  rate  of  about  1 2,000  miles  in  one  second ; 
BCquently,  that  the  time  occupied  in  its  progress 
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is  an  element  to  be  taken  into  account  in  determining 
longitude. 

As  in  some  measure  connected  with  this  subject^  I 
may  mention  that  Mr.  Shepherd  exhibited  an  electro-mag- 
netic clock,  which^  as  an  application  of  electro-magnetism, 
of  great  merit  and  promise,  deserves  commendation  :  as  a 
clock,  it  does  not  fall  within  my  prescribed  limits;  the 
subjects  of  horology,  which,  at  first,  were  an  integral  part 
of  Class  X.,  being  subsequently  withdrawn  from  the  adju- 
dication of  the  Jurors  of  this  Class. 

The  pendulum  of  this  clock  was  kept  in  motion  by 
impulses  received  from  a  remontoir  escapement,  wound  up 
by  an  electro-magnet.  By  the  vibrations  of  this  pen- 
dulum, the  circuit  of  a  galvanic  battery  was  completed 
through  the  coils  of  the  electro-magnets,  which  were  thus 
caused  to  alternately  attract  and  release  their  respective 
armatures.  The  motion  thus  obtained  was  transmitted  to 
the  wheels  by  a  peculiar  form  of  click  and  ratchet  escape- 
ment, invented  by  Mr.  Shepherd,  by  which  means  the 
escape-wheel  was  locked  and  prevented  from  turning  by 
the  action  of  the  wind  upon  the  hands,  the  minute-hand 
being  sixteen  and  the  hour-hand  twelve  feet  in  length. 
The  quantitj^of  wire  employed  in  this  clock  was  25,000 
feet :  with  this  great  length,  eight  pairs  of  Smee's  bat- 
teries, of  small  size,  immersed  in  half-pint  jars,  were 
found  to  be  sufficient  for  two  months. 

Nautical  Astronomical  Instruments. 

Of  Nautical  Astronomical  Instromenftpi 
did  not  furnish  many  illustrations:  tlm 
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departtncnt,  by  Simms,  were  sound  and  well  made ;  and  so, 
in  a  less  degree,  were  those  furnished  by  France,  which 
were  mostly  made  after  Simms's  model.  Belgium  fur^ 
nisbed  several  instruments,  which  were  good  in  all 
respects;  Russia  sent  the  two  largest  in  the  ExLihitiou, 
both  well  made. 

Of  ordinary  Nautical  Instruments,  the  American  de- 
partment furnished  a  fine  collection  by  Ericssen,  mostly  of 
a  new  construction  ;  also  a  very  ingenious  compass  by  St. 
John.  The  pecuharity  of  this  instrument  consists  in  the 
addition  of  two  smull  magnets,  moving  freely  upon  i 
points  attached  to  the  compass-card,  near  its  cast  and  i 
extremities. 


To  the  centre  of  each  small  magnet,  and  at  right 
angles  to  it,  is  placed  a  brass  indicator,  which  points  to 
the  centre  of  the  card  when  not  under  the  influence  of  dis- 
turbance, as  in  fig.  1 ;  and  from  the  centre  at  other  times, 
as  in  figs.  3  and  3.  The  deviation  from  the  centre  indi- 
cates the  amount  of  disturbance,  which,  if  local,  is  shown 
by  the  one  of  these  indicators  pointing  farther  from  the 
centre  than  the  other,  as  in  fig.  3.  The  amount  of  these 
deflections  is  measured  by  semicircular  scales  dxed  q\ 
the  centre  of  the  card. 


1  avef— 


Levelling  and  Sdrveving  Instruments. 


Instruments  for  levelling  and  surveying  were  furnished 
from  England,  France,  and  Belgium  ;  generally  well  made, 
but  not  exiiibiting  any  novelties  or  exeelleiieies.  Germany 
furuisbed  several,  all  well  made,  in  which  Breithaupt's 
useful  method  of  covering  the  divisions  with  a  thin  plate 
of  brass,  for  the  purpose  of  protecting  them  from  dirt, 
oxidation,  and  mechanical  injury,  was  generally  adopted. 
Breithaupt  himself  exhibited  a  level,  with  a  coatrivanee  for 
greatly  facilitating  its  adjustments,  and  of  gieat  import- 
ance while  surveyors  contiuue  to  assume  that  the  circular 
collars  of  a  level  are  equal.     It  is  described  in  the  Eeport. 

The  Imperial  Polytechnic  Institution  of  Vienna  exhi- 
bited some  beautiful  surveying  instruments  constructed 
under  the  direction  of  Professor  Stampfer.  The  greatest 
improvement  was  the  means  afforded  for  measuring  a 
vertical  angle  of  8°,  by  which  the  difference  of  altitude 
between  two  stations,  when  greatly  exceeding  the  length 
of  the  measuring  staff,  could  he  determined ;  an  improve- 
ment of  great  value  for  work  in  a  hilly  country. 

Russia  furnished  a  well-made  levelling  instrument,  and 
America  (Burt,  187)  an  instrument  welt  adapted  for  sur- 
veying new  countries,  particularly  in  magnetic  districts. 
It  is  applicable  to  the  determination  of  time,  latitude,  and 
magnetic  declination. 

Mr.  Andrew  Yeates,  of  Brighton  Place,  New  Kent 
Boad,  exhibited  a  prismatic  compass,  of  simple  construc- 
tion, adapted  fur  taking  both  horizontal  and  vertical 
angles,  and  so  arranged  that  the  former  may  be  takeiij 
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'sMi.   -fjji^  ^  *-'*»  be  need  in  diitricts  tboanding  in 

OmUAL  iNSnUKSNTS. 

.«^  ^M.  wk  turik  tMir  attention  to  optical  initnimenta. 

iil^jc>,>M^  iwtm<w(MM»  tboagfa  few  in  number,  they  wen 

1^^  V  St  C<x  chv  itHMt  part  good.     France  (Buron,  44S) 

..„  s.^*.  «Mt:  *klw«  ttbjwt-glasg  was  of  rock  crystal,  the 

,1    \    nliich,   iKitivith standing  its  property  of 

,    .,v nil,  ivj»  tbuud  to  be  very  satisfactory. 

.    i-.iii   -i  '^iibw  was  exhibited  by  Maes  {Prance), 

^    ,  n  ,vii  >'i'  the  oxide  of  zinc  and  borax  :  it  was 

^  .  .M.;  .liiU  <nx  from  colour,  and  promises  to  be 

,, .  ■..■  iM.   u  [iivducing  achromatic  object-glasses 

,^      \,;iL'i:ioii  :ilio  made  known  a  very  fair  attempt 

,     ..„         ti.;ru    Kiiijciiwm   (No.  309),  to  substitute  a 

,   ,     ^  ».  >i    u-Aii-iiJ  of  llint  glass,  which,  as  a  step  out 

. .   •^,.       ;  -i.ii,  wiJ  towards  the  possible  revival  of  fluid 

..     ,  ...-..,  «  •liiiitorious. 

,>    , ,    ,  :  k(uH.,  i-rvstalliue  bodies  affect  light  accord- 

^,    ..LUiiuic,  nuJ  the  transparency  of  such  bodies 

. J , ;..i  iii'iii  chvir  molecular  arrangement.    Thus, 

^..^.i  i£i  .1  •\iM  oi'  glass  or  lens  through  nhich  an 

„     ,.  .K»t4,  W  la  Jirtorted  if  these  striie  be  numerous, 


»i.  . 


AND  PROCESSES.  857 

and  the  distortion  is  so  great  that  the  form  of  the  object  is 
not  recognisable ;  but  if  very  numerous,  it  is  not  visible  at 
all :  the  glass,  ceasing  to  be  transparent,  becoming  opaque, 
though  still  remaining  translucent. 

To  ascertain  the  different  molecular  states  of  the 
various  discs  of  glass  and  object-glasses  exhibited  was, 
therefore,  a  part  of  the  duty  of  the  Jury.  The  modes 
adopted  are  detailed  in  the  Report ;  and,  therefore,  I  will 
here  but  briefly  refer  to  the  results. 

The  object-glasses  of  Simms,  which  were  chiefly  of 
English  glass,  were  found  to  be  good — ^the  definition  of 
the  object  becoming  improved  with  the  increase  of  power. 
Those  of  Buron  were  good ;  but  some  exhibited  by  this 
gentleman  were  not  tried,  the  tubes  being  wanting.  A 
small  object-glass,  by  Ross,  was  very  good;  but  in  his 
large  equatoreal  there  was  none.  The  discs  of  glass  fur- 
nished by  Maes  (France),  and  Daguet  (Switzerland),  were 
very  good  j  as  upon  the  whole  was  the  noble  piece  of  glass 
exhibited  by  Chance,  which  is  no  less  than  twenty- nine 
inches  in  diameter,  and  weighs  200  pounds;  and  I  do 
hope  that  the  same  success  will  attend  the  obtaining  its 
achromatic  companion,  and  that  the  two  lenses  may  be 
worked  into  an  object-glass.  I  understand,  however, 
that  Messrs.  Chance  and  Co.  are  not  willing  to  incur  the 
whole  risk  of  the  pecuniary  loss  which  would  follow  should 
not  the  high  promise  now  held  out  be  fulfilled;  let  us 
hope,  however,  that  no  impediment  will  delay  the  adapta- 
tion of  these  lenses  to  a  telescope. 

It  is  pleasing  to  find,  that  whilst  these  exerti 
being  made  for  the  improvement  of  objec€-( 
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eye-piece  also  is  reeeiving  some  attention.  The  Rev.  J.  B. 
Reade  exhibited  two,  which  he  terms  solid  eye-pieces, 
from  the  component  parts  being  cemeulcd  together.  Aa 
one  was  a  little  over  corrected,  and  the  other  a  little  nnder 
corrected,  it  ia  plainly  possible  for  a  perfect  achromatic 
eye-piece  to  be  eonstnicted  on  this  principle,  Mr.  Reade 
was  the  only  eshibitor  of  improved  eye-pieces;  and  it  is 
the  more  creditable  to  him,  inasmuch  aa  it  is  desirable 
that  the  improvement  of  both  eye-piece  and  objcct-glaw 
should  march  hand  in  hand,  and  that  many  geotli 
are  turning  their  attention  to  the  former,  but  veiy 
to  the  latter. 

These  are  some  of  the  first-fruits  of  the  removal  of  the 
tax  on  glass,  that  great  obstacle  to  the  improvement  of 
telescopes  in  this  country,  which  prevented  all  attempts  to 
produce  glass  adapted  to  the  construction  of  large  achro- 
matic glasses,  and  compelled  us  to  purchase  from  abroad 
those  we  needed  at  an  enormous  price.  The  Exhibition 
satisfactorily  proves  that,  at  all  events,  we  soon  shall  equal 
both  the  far-famed  works  of  Munich  and  Paris  ;  and  let  m 
hope  in  fair  rivalry  to  excel  them. 

The  microscope,  by  the  rapid  advance  in  microscopic 
investigations  within  the  last  few  years,  has  been  enabled 
to  vie  in  importance  almost  with  the  telescope.  Since  thr 
introduction  of  achromatic  combinations,  physio] ogicJ 
investigations  have  proceeded  so  rapidly,  and  our  know- 
ledge has  increased  so  greatly  upon  animal  and  minute 
anatomy,  that  it  was  moat  gratifying  to  find  so  manv 
superior  instruments  in  the  Exhibition.  Those  exhibit' 
by  Ross,  and  Smith  andlleek,  were  beautiful  instrumLi;- 
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and  far  exceeded  any  that  were  exhibited  in  the  Foreign 
Section;  in  which,  that  of  Natchet  was  decidedly  the  best. 
The  British  microscopes  were  distinguished  by  the  great 
amount  of  light  obtained,  the  large  angle  of  aperture,  and 
consequent  fine  definition;  also  by  the  large,  flat,  and  per- 
fectly defined  field. 

Perhaps  I  may  be  permitted  to  mention  here  some  few 
of  the  applications  of  the  microscope.  In  a  geological 
point  of  view,  it  displays  its  almost  magical  powers,  not 
only  in  the  discovering  of  many  strata  of  considerable 
thickness,  found  by  its  means  to  be  entirely  composed  of 
infusorial  remains,  too  small  for  the  natural  eye  to  distin- 
guish their  exquisite  beauty  of  form  and  structure,  but  it 
also  enables  us  to  determine  to  what  class  of  animals  any 
fragment  of  a  bone,  however  small,  belongs. 

Any  one  possessed  of  a  microscope  can  easily  detect 
any  adulteration  in  articles  they  purchase,  by  knowing  the 
appearance  of  different  articles  when  separate  :  for  instance, 
in  flour  and  bread,  a  microscopist  can  detect  whether  any 
other  grain  than  that  of  wheat  has  been  mixed  with  it. 

The  microscope  and  its  applications  (a  beautiful  series 
illustrative  of  which  was  exhibited  by  Leonard)  are  daily 
increasing  in  importance ;  and  it  is  now  indispensable  to 
members  of  the  medical  profession. 

There  were  two  lighthouses  exhibited,  both  entirely  of 
glass,  the  one  by  Chance,  and  the  other  by  Wilkins ;  both 
were  furnished  with  large  Argand  lamps,  lenses,  and 
reflecting  prisms.  As  the  object  of  lighthouses  is  to 
transmit  all  the  rays  proceeding  from  the  light  in  an  hori- 
zontal direction,  the  reflecting  prisms  above  and  below  the 
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light  were  so  placed,  that  the  incident  rays  on  tlieir  s 
surface  fell  so  obliquely,  that  they  were  totally  ret 
horizontally  :  thua  those  rays  which  would  have  illui 
the  sky  and  the  waters  of  the  ocean  were  made  ava 
to  increase  the  equatorcal  belt  of  light ;  the  substitut 
reflecting  prisms  will,  doubtless,  supersede  the  use  o: 
tallic  reflectors  in  lighthouses  generally. 

Of  spectacles,  a  large  number  were  exhibited,  d 
guished  only  in  the  British  portion  for  their  vi 
mountings,  without  any  attempt  for  the  improvemi 
the  lenses  themselves,  as  applicable  to  the  peculiaril 
vision.  I  beg  here  to  be  clearly  understood,  that 
not  consider  cither  shortsightedness,  or  the  flattcni 
the  eye  by  age,  as  peculiar.  To  meet  such  ordinary 
of  the  eye,  the  glasses  exhibited  were  ample;  but  1 
sider  a  malformation  of  the  eyes,  such  that  one  eye  " 
require  one  form  of  lens,  and  the  other  eye  another 
of  lens,  as  peculiar.  At  the  time  of  the  Exhibition, 
not  know  one  optician  in  London  to  whom  I  could 
any  one  so  afflicted  with  any  chance  of  relief;  the  E; 
tion  did  not  make  such  person  known  in  England;  1 
has  given  the  Jury  an  opportunity  of  making  the 
known,  and  gladly  I  avail  myself  of  this  opportuni 
dwell  upon  it.  I  speak  this  from  experience,  an( 
personal  acquaintance  with  gentlemen  afflicted  with 
liarity  of  vision,  who  in  London  have  found  no  ; 
Since  the  Exhibition,  I  have  learnt  that  Simms  pays 
attention  to  these  points.  France  furnished  one  exhi 
Henri,  who  seenns  to  have  paid  much  attention  to  o 
science  and  its  application.     I  expect  one  of  the 
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results  of  the  Exhibition  will  be  an  endeavour^  on  the  part 
of  some  opticians  in  England^  to  meet  this  want. 

Of  instruments  connected  with  Physical  Optics  there 
were  very  few ;  indeed  philosophical  instruments  of  this 
class  were  quite  wanting  in  the  British  portion.  France 
furnished  a  beautiful  series^  including  stereoscopes^  polari- 
meters,  saccharometers^  haloscopes^  &c.^  as  exhibited  by 
Soleil.  Perhaps  the  most  useful  of  these  instruments  was 
the  saccharometer.  Lights  as  you  are  aware^  when 
polarized^  appears  to  be  transmitted  by  undulations  in 
planes^  and  not  at  all  in  planes  situated  at  right  angles  to 
them.  In  some  bodies^  each  of  the  colours  composing 
white  light  is  not  polarized  in  the  same  plane  as  in  ordi- 
nary polarization^  but  the  plane  for  each  is  slightly  turned 
rounds  so  that  the  whole  is  spread  out :  *  this  circular 
polarization  has  been  beautifully  applied  to  chemistry^  and 
made  a  test  in  the  case  of  saccharine  fermentation  of  the 
point  to  which  it  has  reached  and  of  the  quantity  of  sugar 
formed.  Hence  this  change  of  direction  of  the  polarizing 
plane  is  of  great  practical  value^  and  it  ought  to  supersede 
the  old  method  by  the  use  of  the  ordinary  saccharometer. 
That  exhibited  by  Soleil  was  the  only  one^  though  many 
of  the  ordinary  kind  were  exhibited  in  the  British  section. 

Meteoeological  Instruments. 

There  were  a  large  number  of  barometers,  thermo- 
meters^ and  other  instruments  intended  for  meteorological 
observations,  but  the  greater  part  were  of  a  very  ordinary 
kind,  and  unsuited  to  the  work  intended. 

Respecting  thermometers  (for  the  purpose  of  forming 
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a  correct  estimate  of  those  exhibited)  let  me  impress  upon 
you  that  a  good  and  efficient  instrument  must  be  either 
identical  in  its  readings  with  an  acknowledged  standard, 
or  its  amount  of  deviation  correctly  ascertained,  and  im- 
plied in  its  use ;  this  involves  a  necessity  for  the  pos- 
session of  a  standard  of  undoubted  accuracy,  the  neamt 
approach  to  which  were  the  thermometers  made  by  tbe 
Rev.  R.  Sheepshanks,  two  of  which,  exhibited  by  Si 
may  be  considered  as  the  most  accurate  in  this  con 
That  kind  of  thermometer  most  easily  rendered  id( 
in  its  readings,  and  moat  amenable  to  correction, 
slender  bore,  with  small  bulb,  and  graduated  on  the 
itself;  by  such  a  construction  the  amount  of  error  aruiii^' 
from  want  of  evenness  in  the  bore  of  the  tube,  in  the 
cutting  of  the  divisions,  or  from  a  want  of  accuracy  in  tht 
determination  of  the  zero  points,  may  be  deterniincd,  and 
when  applied  will  render  the  instrument  perfectly  usefnl 
and  trustworthy.  These  corrections,  when  once  deter- 
mined for  such  instruments,  will  remain  constant ;  but  no 
system  of  correction  can  restore  accuracy  to  the  readings  of 
thermometers  whose  scales  are  ivory.  Those  of  box-wood, 
a  material  in  general  use  for  maximum  thermoincten, 
require  corrections  which  can  be  determined  only  h 
Irequent  comparisons  with  a  thermometer  whose  err  - 
are  known,  the  index  errors  of  such  instruments  bi;  . 
found  to  vary  from  day  to  day, 

Newman  exhibited  his  well-known  set  of  tbennonici:  ■ 
without  alteration;  but  the  conditions  of  good  tberui- 
meters  were  best  fulfilled  in  England  by  Messrs.  Ntgu;' 
and  Zambra,  and  in  France  by  Fastre. 
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Several  carefully-made  instruments  were  forwarded  by 
Germany. 

In  maximum  and  minimum  thermometers  there  was 
nothing  new  exhibited^  although  great  need  has  long 
existed  for  an  effective  maximum  thermometer. 

Thanks  to  the  Exhibition^  however^  this  want  has  since ' 
been  supplied.  One  of  the  good  working  parts  of  the 
Exhibition  was  the  bringmg  together  the  jurors  and  the 
exhibitors^  and  the  making  each  acquainted  with  the  others' 
wants.  The  jurors,  in  the  performance  of  their  duties, 
dwelt  upon  the  wants  of  science,  and  suggested  in  some 
cases  how  they  might  be  supplied;  and  in  this  case  I 
urged  upon  the  exhibitors  the  great  necessity  of  a  new 
instrument  to  supersede  the  one  now  in  use  for  the  deter- 
mination of  maximum  temperatures,  and  suggested  that 
such  might  be  constructed,  by  introducing  into  the  tube  a 
piece  of  enamel  or  porcelain,  its  end  towards  the  mercury 
terminated  in  a  blunt  point,  or  otherwise,  as  experiment 
might  determine :  a  form  of  instrument  which  has  since 
been  successfully  achieved  by  Barrow  of  Oxenden  Street, 
and  proved  to  be  a  great  advance  upon  the  old  method, 
particularly  for  sun  observations.  But  Messrs.  Negretti 
and  Zambra  have  invented  another,  of  a  better  kind; 
a  small  piece  of  glass  is  inserted  near  the  bulb  and  within 
the  tube,  which  it  nearly  fills :  on  an  increase  of  tempera- 
ture, the  mercury  passes  this  piece  of  glass,  but  on  a 
decrease  of  heat,  not  being  able  to  repass,  it  remains  in 
the  tube,  and  thus  indicates  the  maximum  temperature. 
After  reading  it  is  easily  adjusted.  Four  of  these  instru- 
ments I  have  had  at  work  for  upwards  of  a  month,  two  in 
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ordinary  observations,  and  two  subjected  to  severe 
and  all  bave  answered  admirably.  Hitherto  every  ae: 
meteorological  observations  has  been  more  or  less  brokeo 
by  tlie  frequent  plunging  of  the  steel  index  into  the 
curyj  or  becoming  otherwise  deranged.  Messrs.  Ni 
and  Zanibra  have  in  tbcir  maximum  thermometer  supj 
a  want  long  felt. 

Newman    ediibited    hia   well-known    barometers,   the 
tubes  of  which  were  filled  and  boiled  under  a  diminished 
atmospheric  pressure,     Mr.  Newman  remarks,  that  he 
always  found  that  mercury  highly  heated  iu  glass 
becomes  oxidized,  and  also,  that  all  tubes  boiled 
atmospheric  pressure  are  foul.     (I  may  observe  that 
experience  has  not  led  mc  to  the  same  conclusion.) 

Orchard  exhibited  a  barometer  very  similar  indt 
Newman's ;  hut  with  the  addition  of  a  thermometer  pi 
in  front  of  the  instrument,  whose  bulb  was  of  the 
dimensions  as  that  of  the  tube. 

Griffiths  exhibited  a  barometer  furnished  with  a 
on  the  top  to  trap  any  air  which  might  be  above 
mercury,  for  the  purpose  of  ensuring  a  vacuum.  Nef 
and  Zambra  also  exhibited  a  barometer  with  an  air-t 
glass  cistern,  with  the  iutontion  of  preventing  the  enl 
of  the  air :  the  mercury  in  neither  of  these  instruments 
boiled,  an  operation  that  I  consider  absolutely  neceasai 

Harris  and  Son  exhibited  several  self-compensat 
barometers,  for  the  approximate  determination  of  the 
mosphcric  pressure.  They  are  about  one  foot  in  lei 
and  consist  of  two  resi^'rvoitis  connected  by  a  bent  tube, 
one  filled  with   mercury,  and  the  other  with  gas 
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adjacent  portions  of  the  tube  being  also  filled  with  mercury 
and  gas.  There  is  also  an  arrangement  for  the  approxi- 
mate correction  for  the  expansion  of  the  gas  from  heat. 
An  instrument  upon  this  principle^  made  by  Ronchetti^ 
was  tried  by  me  some  years  since^  and  was  found  to  give 
tolerably  approximate  readings  for  a  time,  that  is^  to  within 
O'l  of  an  inch  either  way,  but  ultimately  failed  entirely. 
Instruments  of  this  kind  are  of  little  or  no  value.  Brown 
exhibited  two  barometers,  at  the  price  of  10^.  6d.  each ; 
one  such,  upon  trial,  I  found  to  act  well:  undoubtedly 
they  were  the  cheapest  in  the  Exhibition,  and  were  better 
than  any  of  the  ordinary  barometers  exhibited. 

Yeates,  of  Dublin,  exhibited  several  barometers,  fur- 
nished with  a  ready  means  of  cleansing  the  surface  of 
the  mercury  in  the  cistern. 

M.  Bourdon  (France)  exhibited  barometers  of  an  origi- 
nal construction,  based  upon  the  tendency  possessed  by  a 
coiled  and  exhausted  tube  of  thin  metal  to  contract  or 
elongate  when  subjected  to  variations  of  pressure.  A 
description  of  the  method  of  constructing  one  of  these 
little  instruments  may  not  be  uninteresting  to  you. 

The  form  of  tube  adopted  by  M.  Bourdon  is  not 
circular,  but  a  little  flattened  and  curved  inwards,  as  shown 
in  the  annexed  cut.  The  tube  in  use  is  quite  exhausted 
of  air,  and  hermetically  sealed  at  both  ends,  and  coiled  in 
the  form  shown  in  the  second  figure.  As  the  pressure 
from  without  increases  upon  the  tube,  it  exhibits  a 
tendency  to  exchange  its  original  form  for  that  shown  in 
the  third  figure.  If  the  tube  be  sufficiently  elastic,  it 
resumes  its  former  figure  as  soon  as  the  pressure  is  with- 
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di-awn,  and  the  variations  of  curvature  attendant  upon  1 
increased  or  diminidbed  pressure,  communicated  to  t 
indes  moving  over  a  dial-race,  giving  the  readings  of  4 
barometer.     According   to  M.  Bourdon's  observation! 

would  appear  that  the  amount  of  contraction  or  e 


ia  proportionate  to  the  sustained  pressure ;  thus,  if  I 
two  extremities  of  the  tube  become  separated  by  the  t 
of  one  inch  for  a  pressure  of  twenty  pounds  upon  I 
square  inch,  they   will  aeparate  by  a  space  equal  to  t 
inches  for  one  of  ten  pounds'  pressure,  and  so  on : 
sequently  the   graduations  on   the  dial-plate   are   i 
throughout  the   scale.     M.   Bourdon  considers  that  I 
same  action  which  brings  together  each  of  the  ends  i 
arc,  when  the  chord  ia  bent  either  in  pulling, — as  in  fi^ 
or  in  pressing  towards  the  arc, — as  in  fig.  2,  ia  the 
action  as  that  which  causes  in  the  metal  tube  the  v 
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of  figure  consequent  upon  different  degrees  of  pressure; 
and  he  observes^  that  by  diminishing  the  pressure  upon 
the  chord  at  ▲  it  will  gradually  relax^  and  both  arc  and 
chord  assume  the  form  of  fig.  8^ — an  action  corresponding 
in  its  effects  with  that  produced  by  the  withdrawal  of  the 
atmospheric  pressure^  which  suffers  the  tube  to  re-assume 
the  figure  in  which  it  was  originally  coiled.  In  reference 
to  its  amount^  M.  Bourdon  observes,  that  if  the  pressure 
on  the  chord  at  a,  fig.  2,  be  increased  until  it  touch  the 
arc  of  the  circle  at  d,  fig.  4t,  the  angle  at  d  is  rendered  more 
acute,  and  the  two  ends  of  the  arc  necessarily  convergent, 
the  amount  of  convergence  being  at  all  times  in  proportion 
to  the  angle  formed  by  the  two  chords  of  the  arc,  the 
curve  of  the  arc  being  modified  in  the  same  proportion. 
An  effect  of  the  same  kind  is  produced  by  pressing  the 
chord  simultaneously  on  many  points  towards  the  arc,  as 
in  fig.  4,  the  withdrawal  of  pressure  being  accompanied  by 
the  same  return  to  the  original  figure ;  and  M.  Bourdon 
considers  that  the  same  action  is  induced  by  the  external 
air,  which  maintains  a  simultaneous  pressure  on  every  part 
of  the  curve.  These  observations  of  M.  Bourdon  in  con- 
nexion with  the  principles  which  he  has  successfully 
applied,  seem  to  me  deserving  of  some  consideration.  The 
graduations  of  the  instrument  are  determined  by  subjecting 
it  to  artificial  variations  of  pressure  in  connexion  with  a 
standard  mercurial  barometer,  by  which  means  the  points 
of  coincidence  are  correctly  ascertained  and  laid  down.  I 
have  not  had  any  experience  of  the  working  of  these 
barometers,  and  do  not  expect  that  they  are  applicable 
to  meteorological  observations ;  but  I  have  no  doubt  that 
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their  action  as  Rteam-presBore  guages  is  admirable.  Manv 
ofthese  laat  were  exhibited  by  M,  Bourdon,  in  some  of 
which  the  converse  of  the  action  you  have  just  perceived 
was  obtaioed  hy  filling  the  tube  with  a  gas  or  liquid,  in  which 
case  external  pressure  caused  an  expansion  or  cloDgiilion, 
in  opposition  to  the  contraction  you  have  now  witnessed. 

The  collection  of  Meteorological  Instruments  in  the 
Exhibition  would  lead  us  to  the  conclusion  that  the  condi- 
tions of  good  instruments  are  better  understood  and  ftil* 
filled  by  makers  abroad  than  at  home.  That  this  will 
speedily  cease  to  be  the  case,  1  feel  assured.  The  oppor- 
tunity offered  to  the  members  of  the  Jury  of  expresiin^ 
their  diwiji probation  to  the  makers,  added  to  the  increasing- 
demand  for  good  instruments,  and  to  the  fact  of  the  puHin 
becoming  acquainted  with  the  deficiencies  of  those  usuaii. 
furnished  to  them,  will  enforce  a  demand  for  instrumeaU 
better  worthy  the  investment  of  their  time  and  money; 
and  when  we  consider  how  worse  than  useless  is  tbe  labour 
of  the  meteorologist  when  based  upon  bad  or  insuScieat 
instruments,  and  how  by  these  means  he  becomes  instru- 
mental to  the  propagation  of  error, — this  circumstance 
alone  demands  increased  care  in  the  selection  of  t]iri>' 
used.  That  the  want  of  good  instruments  is  cxperieiuti! 
lean  myself  testify.  For  years  I  have  pursued  tbe  s\:l- 
ject  of  meteorology,  and  have  long  been  convinced  thai  : 
widely-spread  and  universal  system  of  simultaneous  vV- 
servation,  uniformly  reduced,  must  be  the  groundwork  of 
its  estabhshment  as  a  science.  For  the  sake  of  this  cata- 
blisbnient,  I,  by  my  individual  and  unassisted  exertions 
six  years  ago,  reduced  my  system  to  practice,  and  intro- 
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aag  it  first  among  the  meteorological  obBervcra,  contri- 
nttors  to  the  Reports  of  the  Registrar- General,  in  a  short 
[  time  perceived  with  satisfaction  some  of  the  good  results 
■  upon  a  limited  scale.  Tlie  observations  thus  made  and 
reduced  were  published  quarterly  in  the  Reports  of  the 
Begistrnr- General  at  that  time.  Since  then  I  have  been 
gradually,  and  with  success,  increasing  the  number  of  my 
obsenera,  and  have  now  established  upwards  of  fifty  me- 
teorological stations  in  different  parts  of  the  country,  all  of 
which  contribute  observations  made  and  reduced  upon  my 
own  system.  The  publication  of  these  Quarterly  Keports, 
giving  the  combined  results,  has  mainly  laid  the  founda- 
tion of  the  present  system  of  meteorology.  The  ready  co- 
operation I  have  met  with  from  gentlemen  engaged  in  its 
porsiiit  has  convinced  me  that  they  were  only  too  glad  to 
have  direction  given  to  their  work,  whilst  the  ready  en- 
gagement of  other  gentlemen  in  this  pursuit  is  equally 
convincing  that  they  had  waited  only  for  a  clear  perception 
of  its  utility.  I  now  come  to  that  which  had  nearly  caused 
the  subversion  of  my  scheme — the  difficulty  of  obtaining 
good  instruments  at  a  fair  and  moderate  price.  To  remedy 
this  evd,  to  any  great  extent,  was  not  in  my  power.  Of 
the  means  possessed  by  me,  I,  however,  availed  myself, 
and  have  caused  the  construction  of  many  barometers  and 
thermometers  sujjerior  to  those  previously  in  use.  That  1 
have  been  enabled  to  do  this,  is  owing  to  the  0 
of  Mr.  Barrow,  who,  anxious  for  the  fiirtbesi 
complied  with  my  request,  and  devoted  1 
talents  to  the  advancement  of  my  views, 
meters,  and  the  greater  part  of  the  thermal 
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among  my  corps  of  observers,  have  been  made  uudcr  my 
direction  by  bim,  and  constitute,  with  few  exceptions,  the 
moat  eOicient  instruments  at  their  command. 

The  establishment  of  my  system  ban  been  followed, 
first,  by  the  Ordnance  furnisbing  themselves  with  twenty 
sets  of  instruments,  to  plant  twenty  meteorological  ob- 
aervatoriea  at  their  stations,  and  next  by  twenty  seta  wliich 
are  now  bt-ing  prepared  by  Col,  Sykes  for  as  many  observa- 
tories in  India. 

The  Dxhibition  may  be  a  means  of  contributing  to  the 
improvement  of  meteorological  instruments  generally. 

The  pubhc  will  have  been  informed  of  those  localitie* 
where  the  best  instruments  may  be  procured,  and  where, 
without  doubt,  they  will  enforce  the  greatest  demand.  If 
to  the  good  results  of  the  Exhibition,  as  applied  to  me- 
teorological science,  I  may  add  my  own  personal  iri- 
fluencc,  1  earnestly  exhort  all  gi?ntlemen,  either  desigiiiti^ 
to  commence,  or  already  engaged  in  meteorological  i 
icarch,  to  uec  iustruments  such  only  as  I  have  ( 
as  efficient,  or  abandon  the  pursuit  entirely. 

I  wdl  here  introduce  some  remarks,  received  in  ale^ 
a  few  days  ago,  from  one  of  my  coUeaguee,  Pro 
Miller,  and  which  bear  closely  upon  the  point  in  qaee 
"  Many  observers  have  thrown  away  years  in  aaag  I 
instruments,  or  instruments  unsuited  to  their  partial 
object,  nut  knowing  the  existence  of  inatrumeota  < 
better  construction,  or  better  Buited  to  the  objects  ■ 
bad  in  view.  I  will  begin  with  meteorology.  Maon 
servers  use  costly  thermometers  with  brass  scales  J 
errors  of  which   cannot    accurately   be   found,   or   ' 
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wrong  BcaleSj  the  error  of  which  is  variable;  for  want  of 
knowing  the  existence  of  cheap  thermometerfi,  with  the 
scales  etched  with  hydrofluoric  acid,  on  the  tube  itself,  in 
which  the  error  can  be  determined  with  the  greatest  accn- 
racy,  and  of  which  we  had  such  beautiful  examples,  ex- 
hibited by  Simius,  Negretti,  Fastr^,  and  perhaps  others. 

"  Respecting  barometers,  Schow  discovered  a  remark- 
able law  between  latitude  and  barometric  pressure;  but 
nearly  every  one  of  the  English  observations  was  doubtful, 
on  account  of  the  badness  of  instruments  and  neglect  of 
data  for  reducing  the  observations,  many  of  the  observers 
having  used  worthless  instruments,  in  ignorance  that 
better  were  in  existence.  1  tried  to  verify  this  law  of 
Schow'a  by  using  various  English  observations. 

"  Six  years'  observations  in  the  Mediterranean,  by  Capt. 
Smyth,  I  reduced  as  far  as  I  could;  but  the  labour  was 
thrown  away,  because  the  instruments  did  not  admit  of 
determining  the  errors  :  that  is,  the  error  was  not  constant. 

"  Professor  Chevallier,  of  Durham,  had  observed  with 
a  high-priced  barometer  for  nine  years,  and  that  an  ob- 
servation should  not  be  lost,  had  instructed  the  ladies  of 
his  family  to  observe.  He  tried  to  obtain  the  constant 
error  by  comparison  with  a  barometer  of  my  own,  of  Bun- 
ton's  construction.  The  error  was  extremely  variable ;  he 
anatomized  his  barometer,  and  found  a  cistern  constructed 
of  such  materials  that  the  error  mainly  depended  on  the 
hygrometric  state  of  the  atTnosphere. 

"  Observations  made  at  Madras,  for  twen^'-ttiree  yearly 
by  Mr.  Goldingham,  and  printed  in  th«  ] 
paoy's  costly  volume,  are,  for  the  s 
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than  nothing.     Lieutenant  SuUivan,  B.N.,  made  nomei 
obscrvatioua  at  the  Falklaud  Islands,  which,  for  the  aame'- 
reasona,  are  worthless.      The  same  obsecvatiou  applies  to 
Captain  Fitzroy'a  observations  at  an  important  meteoro- 
logical station — the  neighbourhood  of  Cape  Horn. 

"  Visitors  to  the  Exhibition  have  now  seen  a  beautiful 
barometer,  that  gives  absolute  results;  (Griffiths')  b»- 
rometer,  with  small  constant  errors ;  (Newman's,  Or- 
chard's) barometer,  cheap,  with  a  constant  error,  and  not 
large.  It  is  to  be  hoped,  that  after  the  Exhibition  no 
observer  will  use,  or  artist  make,  a  thermometer  or  baro- 
meter, except  of  the  improved  construction  described  above. 
Captain  Basil  Hall  objected  to  the  reflecting  circle  < 
account  of  the  trouble  of  reading  more  than  one  vet 
Professor  Smyth  very  lately  complained  of  the  difficnl^fl 
reading  the  vernier  of  a  sextant,  because  the  vemierB  i 
limb  are  not  in  the  same  plane.  Would  any  body  o 
plain  of  the  difficulty  of  reading  verniers  who  had  I 
Ertel'a  universal  instrument,  Beaulieu's  circle.  Beau] 
beautiful  sextant,  the  Austrian  Miner's  theodolite, 
tbaupt's  theodolite,  Froment'a  theodolite? 

"  The  Austrian  levels  and  theodolites  give  a  surveyor 
great  advantage  in  increased  accuracy,  great  saving  of 
time,  and  of  one  assistant  in  the  use  of  the  chain ;  id 
colonies  where  labour  is  scarce,  in  places  where  the  ground 
is  difficult,  and  intersected  by  hedges  and  ditches,  their 
advantages  are  inestimable.  In  marine  surveying,  much 
time  would  he  saved  by  the  use  of  Ertel's  universal  instru- 
ment, instead  of  the  clumsy  transits  provided  by  the  Ail 
miralty.     Time  in  such  esses  must  be  measured  by  '.!. 
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cost  of  maintaining  a  ahip's  crew.  One  instrument  and 
one  observer  can  with  it  determine  time  and  latitude,  and 
make  any  triangnlitea  for  anrveying  vitli  more  ^ility  on 
account  of  the  direction  in  which  the  observer  looks,  than 
with  any  other  instrument  or  instruments. 

"  Would  any  observer  about  to  fit  up  an  observatory 
order  any  meridian  instrument  except  such  as  Simms 
exhibited  ?  But  for  the  Eshibition,  a  quarter  of  a  century 
might  have  elapsed  before  the  peculiarities  of  the  con- 
struction of  that  meridian  circle  became  generally  known ; 
even  that  might,  in  my  opinion,  be  improved  by  adopting 
Steinheil's  disc  of  glass  for  the  circle. 

"  A  chemist  who  has  seen  Wollaaton's  contrivaace  for 
steadying  the  beam  of  a  balance  (Dover's  balance,  Niasen's 
balance)  will. not  be  willing  to  put  up  with  the  cumbrous 
machinery  used  for  that  purpose  in  many  of  the  foreign 
balances.  Neither  will  he  like  to  use  knife  edges  with  two 
small  agate  planes,  instead  of  a  single  long  one  in  the 
middle,  or  curved  instead  of  plane  supports  for  the  pans. 

"  English  balance-makers  may  also  take  a  lesson  from 
the  foreigners,  and  get  rid  of  the  too  much  adjustment  of 
many  of  our  balances.  The  great  excellence  of  L.  Oert- 
ling's  balances  appears  to  be  in  a  great  measure  due  to  the 
unprejudiced  manner  in  which  he  adopted  that  which  was 
really  good  in  the  English  balances,  and  to  its  skilful  com- 
bination with  the  good  points  of  the  instruments  with 
which  he  was  acquainted  befove  ha  came  to  England. 

"  Many  persons  endeavour  to  acquire  a  knowledge  of  \ 
the  processes  of  research  in  natural  philosophy  and  astro- 
nomy by  reading  books  and  listening  to  and  GomniunicB- 
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tions ;  yet  their  ideas  remain  obscure,  id  conseqaenee. 
their  not  being  able  to  see  the  instraments  with  wbiA 
those  researches  are  carried  on  :  for  in  this  country  there 
arc  no  complete  coIlectioDs  of  instruments  like  those  of  the 
CoTtservaioire  iks  Arts  et  Metiers  at  Paris,  and  the  oA- 
lections  to  be  found  iiTHie  Phisikl^ische  Kobinet  ajS^M 
BCialteBt  German  university.  This  grievous  deficiency  JT 
in  some  degree  remedied  by  the  exhibition  of  Class  X. 
For  instance,  many  people  liave  read  of  telescopes  that  fol- 
low the  stars,  keeping  a  star  in  the  middle  of  the  field  a*  if 
a  fixed  object  on  land.  How  few  have  ever  had  a  chance 
of  seeing  such  a  telescope !  For  the  work  of  an  observa- 
tory must  not  be  interrupted  for  the  sake  of  gratifyiag  tto 
most  laudable  curiosity.  They  are  not  places  of  edu< 
for  the  public.  Now,  the  Exhibition  had  two  such 
scopes:  that  by  Simms,  especially  illustrntinj 
tion  of  the  polar  axis  to  the  latitude  of  the  place  whi 
was  to  be  used.  But  few  people  can  see  transit  i 
roents  and  meridian  circles,  though  many  read  of 
Many  have  read  of  extensive  surveys  and  of  measure] 
of  arcs  of  meridians,  of  dimensions  of  the  aolar 
and  the  distance  of  the  nearest  stars.  Elliott's  all 
and  BKimuth  instrument  represents  the  form  of  the 
ment  used  in  the  triangulation  of  the  English  si 
Ertel's  is  the  exact  instrument  used  by  Strave  in 
that  is  to  extend  from  the  North  Cape  to  Crete, 
were  the  compensated  bars  for  measuring  the 
English  observers,  and  specimens  of  linear  mi 
which  these  bars  could  be  referred,  of  both  kintta, 
and  &  traits  (Besscl's  and  Sheepshanks's) ;  both  the 
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their  kind.  Even  ordinary  surveying  instniments  are  un- 
known to  a  great  part  of  the  class  of  persons  I  allude  to. 
Few  people  have  an  opportunity  of  seeing  a  moderately 
good  balance.  The  Exhibition  contained  balances  of  the 
most  accurate  construction^ '  for  weights  from  the  smallest 
up  to  60  pounds.' " 

Fhotografht. 

The  collection  of  Photographs  in  the  Exhibition  was 
well  calculated  to  show  the  active  and  experimental  nature 
of  the  attempts  being  made  to  improve  its  processes^ — an 
activity  less  observable  throughout  the  Foreign  side  of  the 
collection^  which  established  fewer  claims  to  excellence^  on 
the  ground  of  the  novelty  of  the  processes  adopted^  than 
were  established  on  the  British  side.  This  activity  was 
shown  in  part  (to  confine  ourselves  at  first  to  daguerreo- 
types) in  the  works  of  Claudet^  who  exhibited  applications 
of  bis  focimeter ;  illustrations  of  the  efiects  of  the  spec- 
trum on  the  daguerreotype  plate,  as  prepared  by  him ;  and 
pictures  which,  notwithstanding  the  loss  of  light  necessary 
for  the  operation,  were  rendered  non-inverting :  in  those  of 
Mayall,  who  exhibited  the  crayon  daguerreotype,  produced 
by  a  process  of  his  own ;  Beard,  who  exhibited  enamelled 
daguerreotypes,  in  which  the  permanence  of  the  picture 
was  secured  by  a  lacquer ;  in  the  pictures  of  Tyree,  who 
claimed  the  adoption  of  a  peculiar  process  of  his  own ;  and 
various  others,  which  it  would  be  tedious  to  enumerate. 

The  daguerreotypes  exhibited  by  Amertet,  though  not 
distinguished  by  experimental  attempts  tt  iaqpeovOBioitof 
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processes,   were   remarkable   as   illustrations   of  the 
celleacc  of  those  which  bad  been  employed. 

Those  of  France  were  fewer  in  number  than  migbt 
bsve  been  expected  from  tbe  country  which  bad  given 
birth  to  the  founder  of  the  art,  and  were  indicative  of  no 
Buperiority,  except  in  the  use  of  colour,  over  those  in  the 
British  department ;  and  were  decidedly  inferior  to  those 
of  America.  I  may  here  observe,  that  the  characteristics 
of  the  contents  of  tbe  collectious  severally  furnished  by  the 
United  Kingdom,  America,  and  France,  were  remarl 
distinct :  those  of  France  were  very  bright,  sunny,  and 
entirely  divested  of  glare;  those  of  America,  which 
sistcd  almost  entirely  of  portraits,  were  dislingnishcd 
depth  and  harmony  of  tone  to  which  those  of  France 
totally  a  stranger,  and,  equally  removed  from  violent 
trasts  and  from  insipidity,  exhibited  a  degree  of  truth 
reality  only  to  be  obtained  by  a  close  agreement  with  the 
rules  of  art.  The  eharacteriBtics  of  the  pictures  in  the 
British  department  varied  with  the  differing  nature  of  the 
processes  adopted,  and  the  amount  of  success  attendant 
Upon  their  use;  ho  much  so,  that  the  works  of  uiany  of 
the  exhibitors  were  in  possession  of  a  style  suffieient  to 
distinguish  them  without  reference  to  the  Catalogue. 
These  peculiarities  I  have  cai-cfully  described  in  my  Re- 
port, and  shall  not  now  detail.  It  is,  however,  but  justice 
to  Mr.  Mayall,  to  nientiou  that,  since  writing  the  Report, 
I  have  become  acquainted  with  the  fact,  that  many  of  the 
daguerreotypes  exhibited  by  him  had  been  taken  ten  or 
twelve  years :  this  fact  was  not  detailed  to  the  Jurors 
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engaged  in  maldng  their  examinations,  and,  oonsequently, 
has  exercised  no  inflaence  in  ikyoor  of  the  award  whidi 
Mr.  Mayall  has  received.  It  is  at  the  same  tim^  to  be 
regretted,  that  the  dagaerreotypes  exhibited  by  this  gen- 
tleman, all  of  which  were  executed  in  this  country,  weie 
very  many  of  them  distributed  into  the  American  depart- 
ment among  American  works  of  art. 

Turning  to  the  paper  and  glass  photography  of  the 
Exhibition,  we  are  again  assured  of  the  activity  of  experi- 
mental attempts  for  its  improvement ;  and  here  England, 
again  eminent  for  experiment,  was  certamly  surpassed  by 
the  calotypes  and  sun  pictures  of  France;  America  was 
withdrawn  entirely  from  competition ;  and  Germany  and 
Austria  contributed  to  supply  her  place,  by  the  exhibition 
of  several  photographs. 

Before  proceeding  farther,  it  will  be  necessary  to  ob- 
serve that  the  almost  endless  variety  and  modification  of 
daguerreotypes  and  talbotypes  exhibited  rendered  it  most 
difficult  to  obtain,  in  each  case,  the  nature  of  the  process 
adopted ;  and  excellence  of  execution,  combined  with  ad- 
herence to  the  rules  of  art  laid  down  for  the  representation 
of  natural  objects,  became  the  safest  and  only  criterion  of 
merit. 

The  nearest  approach  to  this  standard  of  excellence 
was  made  by  Martens,  in  all  of  whose  works  the  elements 
essential  to  the  process  of  the  art,  and  to  his  own  method, 
were  so  combined  and  applied,  that  the  spectator,  losing 
sight  of  the  means  in  the  end,  beheld  in  them  representa- 
tions of  the  most  perfect  beauty,  void  of  artificial  effect  or 
technical  display;    and  the  mind,  impressed  with  the 
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beauty  of  nature's  own  tracings,  was  not  for  a  motncot 
reminded  of  the  human  appliances  which  had  directed  tV 
work. 

Following  Martens'  steps,  and  inferior  to  Kim  aloiir, 
were  Bayard  and  Flacheron;  and  following  after,  many 
exhibitors  of  talbotypes  and  calotypes,  among  whose  woAi 
were  to  be  perceived  specimens  of  M.  Blantjuart's  procta 
for  the  production  of  two  and  three  hundred  inipressiotu 
from  the  same  negative  proof:  their  blotty  and  heavy 
appearance  was,  however,  destructive  to  &  great  amount 
of  the  success  of  the  results  obtained  :  their  price  was 
designed  to  vary  from  a  to  15  centimes,  according  to  their 
size. 

In  the  British  collection  of  sun  pictures,  some  titj 
beautiful  results  were  obtained  by  Robs  and  Thompson  of 
Edinburgh,  u]ion  albumeniKed  glass  ;  their  method  of  dis- 
tributing the  albumen  over  the  surface  of  the  glass,  and 
the  chemical  agents  used  for  the  production  of  the  ndt 
and  varied  tints  obscn-able  in  their  pictures,  I  have  given 
in  the  Report.  Mr.  Buckle,  of  Peterborough,  eoiitributed 
calotypes  of  great  beauty,  by  a  process  of  his  own :  Hil! 
and  Adanison,  talbotypes,  spirited  in  effect,  and  well-toned: 
Hcnneman  and  Malone,  beautiful  specimens,  by  Mr.  Tal- 
bot's process,  on  paper;  and  some  tinted  by  the  application 
of  caustic  potash  and  a  lead-salt.  Mr,  Owen  contributfd 
a  series  of  calotype  pictures  upon  paper,  so  prepared  bv 
him  that,  by  its  use,  he  has  been  enabled  to  execnte  in  » 
single  day,  in  a  journey  of  three  hundred  miles,  ten  Inr^- 
sized  talbotypes.  Some  good  photographs  were  eichibitrii 
by  Paul  Pretsch,  of  Austria,  and  a  few  of  a  mediocre  kind 


AND  PROCESSES.  379 

by  the  ZoUverein;  but  they  did  not  at  all  represent  photo- 
graphic art  in  their  respective  countries. 

It  is  no  less  true  than  to  be  lamented^  that  this  collec- 
tion, the  largest  that  has  yet  been  brought  together^  and 
highly  illustrative  of  the  art^  is  by  no  means  indicative  of 
the  existing  photography  in  England^ — a  defect^  the  cause 
of  which  is  equally  lamentable  with  its  effect.  When 
writing  the  Report^  I  ascribed^  and  I  think  justly^  much  of 
the  rapid  and  successful  progress  of  photography  to  the 
comparative  absence  of  patents  in  connexion  with  it.  Since 
then  I  have  become  better  acquainted  with  the  restrictive 
influence  exercised  over  the  exhibition  of  photographs^  how 
distantly  soever  allied  to  Mr.  Talbot's  process,  by  that 
gentleman's  patent  in  connexion  with  it,  and  which  secures 
to  that  distinguished  photographist  the  discovery  of  the 
fact  of  a  latent  impression  being  made  on  prepared  paper, 
and  of  the  possibility  of  its  developement  by  fresh  applica- 
tions of  washes.  This  patent  has  been  attended  with  great 
injury,  though  less,  perhaps,  than  might  have  been  ex- 
pected ;  for  having,  almost,  if  not  entirely,  prevented  this 
branch  of  photography  receiving  accessions  from  those  to 
whom  profit  must  hold  out  the  inducement  to  its  pursuit, 
it  has  lefl  it  almost  solely  in  the  hands  of  gentlemen,  the 
results  of  whose  experiments  and  investigations  are  con- 
stantly before  the  public,  and  who,  while  rapidly  developing 
this  beautiful  and  important  discovery  in  its  various  rami- 
fications, consider — and  justly,  too— that  new  principles, 
when  received  as  truth,  become  the  common 
mankind. 

It  may  be  observed  of  patents  in  geoon 
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frequently  cause  many  attempts  to  be  made  for  the  attab- 
mcnt  of  the  same  end  by  different  means,  and  that  of  Mr. 
Talbot  proves  to  be  no  exception  to  this  rule;  the  chief 
claim  upon  which  it  is  founded  is  the  developement  of  th* 
latent  picture  by  the  application  of  liquids.  A  picture, 
therefore,  impressed  in  the  camera,  to  be  developed  without 
subsequent  applications,  became  a  thing  highly  desirable 
to  obtain.  Accordingly,  Dr.  Woods  discovered  a  process, 
known  as  the  catalisotj'jje,  by  which  the  picture  impressed 
in  the  camera  reveals  itself  when  set  aside  in  the  dark, 
without  any  assistance  from  the  photographer.  This  pro- 
cess has  been  used  by  Mr.  Mayall  with  very  successfol 
results,  but  the  great  objection  to  its  use  is  the  difficulty 
of  obtaining  paper  suited  to  the  process.  Very  recently 
Mr.  Robert  Ellis  has  obtained  a  new  process,  by  the  we 
of  the  proto-nitrate  of  iron,  by  which  the  same  result  i* 
obtained;  the  paper  being  very  sensitive,  the  picture  ap- 
pears in  a  minute  or  two  after  it  has  been  exposed  in  the 
camera,  but  though  both  these  processes  {one  of  which  vat 
called  into  existence  by  the  necessity  of  a  process  different 
from  that  of  Mr.  Talbot's,  for  the  purpose  of  geological 
investigations,)  and  various  others  are  due  to  the  enforce- 
ment of  Mr.  Talbot's  patent,  it  is  believed  that  the  reason 
the  French  photographers  in  the  Exhibition  excelled  our 
own  was  chiefly  because  this  patent  right  does  not  restrict 
them.  These  restrictions  consist  in  the  requirement  of  s 
large  sum  for  a  license  to  use  Mr.  Talbot's  process  for 
practical  purposes,  or  prosecution  for  the  infringement  of 
the  patent.  Under  these  restrictions,  M.  Martens'  beau- 
tiful photographs  are  excluded  from  the  market  ia  this 
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country^  and  the  specimens  exhibited  by  that  gentleman 
were  withdrawn  again  to  France,  the  sale  of  them  in  Lon- 
don being  at  once  checked  by  a  threat  that  proceedings 
would  be  instituted  against  him  for  the  infringement  of 
Mr.  Talbot's  patent. 

Let  us  now  be  content  to  take  a  more  general  view  of 
the  subject,  which  affords  a  striking  illustration  of  the 
germination  of  new  principles,  by  showing  how  the  ground- 
work of  a  science  originated  in  France  has  been  received 
among  nations,  which  ever  since  have  been  silently  pro- 
moting its  advance  and  contributing  to  its  improvement, 
each  in  a  manner  suited  to  its  peculiar  genius, — a  germi- 
nation arising  out  of  the. fact,  that  ever  at  hand  are  to  be 
found  talent  and  industry  ready  to  receive  new  direction 
and  fresh  impetus  in  the  acquisition  of  knowledge,  which, 
when  gathered,  has  rarely  been  garnered  for  the  benefit  of 
the  few,  but  has  been  widely  scattered  for  the  use  of  all 
capable  of,  and  willing  to  appreciate  the  gift,  by  which 
means  the  bulk  of  information  collected  from  the  date  of 
the  Daguerrian  invention  has  been  dispersed,  to  collect 
again  with  interest  subservient  still  to  its  advancement. 
A  great  step  towards  the  same  end  was  the  collection  of 
photographs  in  the  Exhibition,  which  afforded  to  the  pho- 
tologist  a  larger  field  of  observation:  than  he  could  have 
before  enjoyed :  many  of  the  producing  processes  have 
long  been  common  property,  but  not  so  their  several  re- 
sults. The  Exhibition  supplied  this  deficiency  as  far  as 
existing  causes  permitted,  and  placed  the  inquirer  at  once 
in  possession  of  a  class  of  information,  which  before  could 
only  have  been  obtained  through  the  trouble  and  incon- 
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veuicnce  of  personal  iatroductionB  and  inutoal  intrrchangc 
of  epecimens ;  at  tile  same  time  placing  him  jq  possessioD, 
not  only  of  a  means  of  estimating  their  relative  merits, 
but  also  of  emulating  any  one  style  it  might  seem  desir- 
able to  him  to  ado]it  or  improve,  either  of  his  own  or  other 
countries,  the  characteriatica  of  which  were  severally  at- 
tended with  some  pccidiar  mi'i-it  or  excellence.    A  means  c^ 
studying  cause  and  effect,  such  as  this  collection  afford 
to  the  practised  photographist,  can  scarcely  be  UDattendl 
with  tntpurtaiit  results;  and  the  public,  many  of  « 
have,  for  the  first  time,  seen  a  really  good  daguerreotri 
will  be  better  informed  of  the  power  of  the  art  as  apid 
to  the  purposes  of  representation.    The  imperfect  apptk 
tiun  of  photography  was  well  repreBcnted  in  the  ExbibitR 
and  showed  plainly  that  to  please  the  eye,  and  h&td 
nister  to  personal  feelings,  is  the  chief  purjiose  to  wU 
a  power  capable  of  higher  and  more  useful  applicatioiil 
at  present  applied.     In  my  Report,  1  have  enlarged  a 
its  utility  as  applied  to  the  purposes  of  art,  science,  ^ 
hterature;  but  time  only  permits  me  to  mention  that  t! 
were  no  specimens  of  ancient  inscriptions,  no  delineatai 
of  tropical  or  remote  scenery    (excepting  Claudot'a), , 
specimens  of  the  actinic  spectrum  on  chemical  prepi 
tions,  no  magnified  representations  of  the  microscopic  V 
ducts  of  nature,  no  copies  of  ancient  manuscripts,  no  n 
atures  of  printed  books,  no  specimens  of  scotographyii 
the  art  of  copying  engravings  by  simple  justapositionfl 
the  dark  by  obscure  inter -radiation,  and  many  other  im 
cations  to  which  it  is  well  adapted. 

Whipple,  however  (U.S.A.,  451),  by  exhibiting  a  | 
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tographic  image  of  the  moon^  has  broken  ground  for  its 
application  to  astronomy.  No  photographic  image  of  a 
star  has  as  yet,  as  far  as  I  know,  been  obtained,  but  great 
would  be  the  advantages  secured,  if  by  merely  using  pre- 
pared paper,  the  relative  position  of  the  objects  in  the  field 
of  a  telescope  could  be  made  self-registering.  I  can,  in- 
deed, well  conceive,  that  with  a  good  working  system  of 
photography,  stars,  invisible  to  the  eye,  may  be  made  to 
register  their  position  with  the  same  telescope,  even  look- 
ing with  a  black  field,  because,  with  a  well-adjusted  clock 
motion,  the  same  object  may  be  made  to  occupy  the  same 
positioi\  on  the  plate,  or  paper,  for  any  length  of  time. 
By  such  a  system  much  distressing  work  in  searching  for 
new  objects  might  be  avoided,  and  I  think  it  is  a  subject 
which  cannot  be  too  strongly  insisted  upon. 

Mr.  Brooke  exhibited  his  admirable  system  for  the 
photographic  self-registration  of  natural  phenomena,  in- 
cluding apparatus  for  ascertaining  all  those  elements  in 
magnetism  at  present  considered  important  to  investigate, 
and  also  a  means  of  registering  some  of  the  elements 
necessary  for  meteorological  investigations.     Thus  every 

• 

change  of  position  in  the  magnet  is  recorded;  and  not  only 
is  the  change  noted,  but  the  peculiarities  of  its  motion  also 
registered.  The  intimate  connexion  existing  between  the 
aurora  borealis  and  magnetism  is  ocularly  shown,  and  also 
many  particulars  which,  in  the  ordinary  mode  of  observing, 
would  necessarily  escape  detection.  The  exhibition  of  Mr. 
Brooke's  system  of  photography  to  the  self-registration  of 
natural  phenomena  will,  I  am  convinced,  be  immediately 
followed  in  different  countries,  and  become  a  means  of 
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,     Since  ti^l 
be  necemnvB 


increasing  our  knowledge  of  undoubted  facts, 

ExliibitioD,  France  and  Spain  have  ordered  the  ii iiny'w 

apparatus,  and  the  Jurors  of  other  countries  have  also 
recommended  its  adoption. 

The  principle  is  shown  in  the  annexed  cut,  in  which  a 
represents  a  part  of  a  bar  magnet ;  b  a  concave  mirror, 
resting  in  u  stirrup  firmly  attached  to  the  suspension  appa- 
ratus, the  whole  being  supported  by  a  single  thread ;  e  a 
blackened  glass  cylinder,  wrapped  round  with  pbotographJc 
papery  d  a  plano-convex  lens  ;  c  a  lamp  placed  a  little  out 
of  the  line  which  joins  the  centres  of  the  cylinder  i 
magnet. 


In  operation,  a  pencil  of  light  passes  from  c  through  a 
very  narrow  aperture,  diverges  and  spreads  over  tbe  mirror 
b,  from  which  it  is  reflected,  and  diverges  to  the  lens  d, 
and  is  condensed  into  a  well-defined  spot  of  light  at  the 
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surface  of  the  paper.  The  action  of  tbia  spot  upon  the 
photographic  paper  is  to  leave  a  trace,  which  is,  however, 
imperceptible,  until  eubBcquently  revealed  by  the  appli- 
cation of  Bolutions. 

As  the  whole  of  the  suspension  apparatus  is  firmly 
fixed  together,  the  mirror  partakes  of  every  movement  of 
the  magnet,  and  reflecting  the  spot  of  light  to  different 
parts  of  the  paper,  according  to  the  communicated  move- 
ment, causes  the  photographic  action  created  by  the  spot 
to  become  a  record  of  the  movements  of  the  magnet  with 

■jrbich  it  is  identified. 

^  The  undulations  in  the  trace  when  developed  are  thus 
in  exact  accordance  with  the  deflexions  of  the  magnet  to 
the  right  and  left  j  a  period  of  rest,  during  which  time  the 
spot  remains  stationary,  being  indicated  by  an  undcviating 
line,  the  continuity  of  which  remains  unbroken,  as  the  cy- 
linder is  placed  in  gear  with  a  chronometer,  by  uicans  of 
the  winch-iron  at  the  end  of  the  cylinder  resting  in  the 
hand  of  the  chronometer,  forked  for  its  reception,  which 
revolves  once  in  twelve  hours. 

»  Balances. 

Next  in  order  of  arrangement,  Balanecs  claim  our  at- 
tention. The  fine  collection  in  the  Exhibition  included 
superior  instruments  furnished  by  the  United  Kingdom, 
France,  Germany,  Belgium,  Austria,  Netherlands,  Sweden, 
Norway,  and  the  United  States  of  America.  Many  of 
them  had  never  been  surpassed  in  beauty  of  workmanship 
■nd  in  the  essentials  of  good  instruments.  It  may  not  be 
:  of  place  here  to  mention,  that  the  Exhibition  made 
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known  an  application  of  voltaic  action  of  great  value,  by 
T.  H.  Henry,  Esq.,  by  coating  with  perfect  success  the 
beams  of  two  of  the  balances  exhibited  by  Oertling,  the 
one  with  palladium,  and  the  other  with  platina.  By  thia 
applicatioOj  a  derivative  from  the  electrotype,  the  inferior 
metals  are  coated  with  the  superior, — a  process  applicable 
to  thermometer  scales,  to  the  limba  of  astronomical  and 
geodetical  instruments,  and,  in  fact,  to  graduated  scales  of 
all  kinds;  nor  are  its  applications  confined  to  these  alone, 
it  is  useful  in  the  coating  of  weights,  instances  of  which 
arc  now  brought  before  you  for  the  first  time,  as  well  ss 
the  scale  of  a  thermometer  similarly  coated  (n-faich  I  no* 
present  to  you).  Mr.  Henry  assures  me  these  great  ad- 
vantages will  not  involve  much  additional  expense.  A 
want  of  many  years  is  thus  supphed,  for  I  have  been  Iotij 
endeavouring  to  bring  into  use  some  substitute  to  avoid 
aOvertng  the  scales  of  thermometers, — a  want  which  bu 
long  been  experienced  by  all  who  have  used  metallic  scalet, 
snd  know  how  soon  the  dinsions  are  obliterated,  anil  nhn 
will  not  fail  fully  to  appreciate  this  useful  applicatioa. 


Calculating  Machines. 
Of  Calculating  Machines  there  were  several  {more  nt 
less  perfect),  by  which  the  hand  is  made  to  do  tlie  work  of 
the  mind,  and  calculations  requiring  much  strained  labour 
are  performed  by  merely  turning  a  handle.  In  this  de- 
partment the  name  of  Babbage  is  forced  upon  onr  recol- 
lection, and  regret  is  experienced  that  his  name  appears 
not.  No  one  who  has  seen  his  elaborate  workshops,  or 
anything  connected   with   his   calculating  macbiue,   bi]i 


AND  PROCESSES.  887 

must  experience  regret  that  none  of  his  talents  and  labours 
adorned  the  Exhibition.  Of  the  machines  exhibited^  the 
best  was  furnished  from  Russia^  by  Staffel^  and  was  found 
to  perform  accurately  and  readily  the  simple  calculations 
of  the  first  four  rules  of  arithmetic,  as  well  as  the  ex- 
traction of  the  square  root,  though  less  readily.  The  next 
best,  from  France,  by  Thomas  de  Colmar,  was  also  capable 
of  performing  the  same  calculations. 

Electric  Telegraphs. 

The  Exhibition  was  rich  in  Electric  Telegraphs,  and 
for  the  first  time  the  public  had  an  opportunity  of  inspect- 
ing their  arrangements.  Beyond  the  spreading  of  general 
information,  I  do  not  see  that  the  collection  of  telegraphs 
will  be  followed  by  any  particular  advantage  arising  from 
it,  because  the  earnestness  of  all  gentlemen  at  present 
connected  with  them  needs  no  stimulus  to  further  ex- 
ertions. 

The  Electric  Telegraph  Company  exhibited  their  col- 
lection of  varied  and  beautiful  instruments,  which,  how- 
ever, were  not  accessible  to  the  public.  The  British 
Electric  Telegraph  Company's  instruments  were  fully  ex- 
hibited, and  Mr.  Highton  was  in  almost  constant  attend- 
ance to  explain  them  to  the  public.  Walker,  of  Tonbridge, 
exhibited  a  very  interesting  collection,  comprising  in  much 
detail  the  various  appliances  he  has  found  it  necessary  to 
adopt  to  bring  the  telegraph  on  the  South-Eastena  Rail- 
way to  that  eflfective  state  in  which  it  now  is.  I  have 
already  referred  to  the  discovery  of  Oersted,  viz.  that 
magnetism  could  be  deduced  from  electricity;    this  was 
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followed  by  Faraday's  discovery  of  the  converse  eff« 
the  obtaining  electricity  from  a  permanent  magnet, 
he  did  by  giving  motion  to  the  magnet,  wfaen  he 
that  electricity  was  induced  in  adjacent  condactor^; 
he  it  waa  that  found  the  direction  of  electricity  to  be  it 
right  angles  to  the  polar  asis  of  the  maariiet,  and  tbt 
magnetism  conjoined  with  motion  btcanic  the  source  tt 
'  elcclncTly.  Henley,  availing  hiniscirof  this,  exhibited  s 
beautiful  magneto- electric  telegraph,  which  acted  well, 
in  which  the  source  of  electricity  was  in  permanent 
nets,  I  have  since,  in  company  with  Mr.  M'alker, 
this  telegraph  in  connexion  with  the  submarine  telegnph 
at  Dover.  J.  Brett  exhibited  a  printing  telegraph,  bj 
which  communications  can  be  made  in  any  language,  » 
printed  upon  paper  with  rapidity  and  precision. 

Baltewel)  exhibited  his  copying  electric  te1e^rap!i,1 
which  a  facsimile  of  the  written  message  is  obtained. 
Dering  exhibited  many  ingenious  contrivances;  and  Whi- 
»haw,  a  collection  chiefly  interesting  in  an  historical  point 
of  view.  Prussia  furnished  a  beautiful  aystem  of  tele- 
graphs, exhibited  by  Siemens  and  Halskc.  The  details 
and  peculiarities  of  the  telegraphs  exhibited  I  have  fuUy 
described  in  my  Report. 

I  cannot  pass  from  this  subject,  which,  if  fully  treated 
upon,  would  alone  occupy  an  entire  evening,  without  ex- 
pressing my  satisfaction  at  finding  in  the  chair  a  gentleman 
(Mr.  Cooke)  to  whom  we  are  so  much  indebted  for  im- 
provements in  the  electric  telegraph ;  and  fully  assured 
arc  we  that  so  long  as  the  talents  and  encrgj'  of  thi8_ 
Wfithmnn,  who,   in   conjunction  with   Mr.  Whd 
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was  the  founder  of  electric  telegraphs  id  England,  are 
enlisted  in  its  advancement,  the  superiority  secured  to 
England  in  this  the  discovery  of  the  age  will  be  neither 
lost  nor  diminished. 

Electrical  Machines. 
Of  Electrical  Machines  there  was  one  only  requiring 
particular  mention — that  of  Westmoreland,  for  generating 
electricity  from  gutta-percha  bands,  and  which  gives  pro- 
mise of  producing  electricity  to  any  amount :  this,  the 
introduction  of  a  new  motive  power,  opens  a  new  field  of 
philosophical  inquiry  well  worth  exploring. 

Standard  Measbrbs  of  Length. 
A  beautiful  machine  of  this  kind  was  exhibited  by  Mr. 
Whitworth,  for  the  purpose  of  measuring  to  one  millionth 
of  an  inch.  Another  delicate  and  beautiful  apparatus  for 
the  same  purpose  was  furnished  from  Germany  by  Bauman. 
Simms  exhibited  standard  bara  and  scales.  The  Conserva- 
toire des  Arts  et  Metiers  at  Paris,  furnished  a  beautifully 
divided  metre  and  various  standard  measures. 

BlTIDINQ  MaCBINSS. 

Ackland  exhibited  a  Dividing  Machine,  very  ingeniously 
contrived  for  the  division  of  hydrometer  scales.  Perreaur 
(France)  furnished  a  beautiful  straight-line  divider. 

TiDE-GCAGEB. 

Of  Tide-Guages  there  were  two,  both  self-registering,  by 
Hewitson  and  Newman :  that  of  Ucwitsos  was  the  better ; 


Mr.DcliiRiipe 
films  to  the  piirjio 
beautiful  illustratio 
trauBparent  surface 
being  aa  bright  aa  1 
soap-bubble.      The 
very  small  quantity 
water  wbeu  tranqui 
becomes  exceedingly 
of  the  Bpectrum.     T 
card-cases,  &c.)  is  th< 
the  fiim  adheres  to  ii 
many  ornamental  pur 
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is  at  once  simple  and  elegant^  I  will  briefly  explain.  The 
air  set  in  motion^  by  blowing  through  this  small  tube^ 
communicates  motion  to  the  circular  plate^  which  turns 
upon  the  cylindrical  brass  chamber  beneath.  The  plate 
within  its  circumference  is  pierced  with  a  series  of  oblique 
and  equidistant  holes^  and  immediately  beneath^  on  the 
upper  surface  of  the  brass  chamber^  is  a  corresponding 
series.  The  obliquity  of  the  two  series  of  perforations  is 
similar^  but  reversed  for  the  purpose  of  enabling  the 
current  to  communicate  a  rotatory  movement  to  the  plate ; 
the  obliquity  of  the  holes  is  in  itself  not  necessary  to  the 
production  of  sounds  but  is  a  conventional  arrangement  to 
produce  motion  without  the  employment  of  an  additional 
agent. 

The  disc  is  thus  made  to  revolve  with  a  rapidity  in 
exact  proportion  to  the  force  with  which  the  air  is  impelled 
through  the  tube^  and  by  its  rapid  and  regular  movement 
gives  to  the  external  air  a  series  of  shocks^  which  produce 
a  sound  analogous  to  the  human  voice^  more  or  less  sharp 
according  as  the  current  turns  the  plate  with  more  or  less 
rapidity. 

The  moveable  disc  is  carefully  centered  in  the  surface 
of  the  air-chamber^  by  means  of  a  slender  axis  working  in 
a  small  orifice  left  for  its  reception^  and  is  connected  with 
the  indexes  above  by  a  delicate  cylindrical  tube^  terminated 
by  an  endless  screw,  which  gives  motion  to  a  wheel  fur- 
nished with  100  teeth^  and  bearing  on  its  axle  an  indcK. 
A  cog  on  this  wheel  acts  upon  another^  whose  axik 
wise  carries  an  index.  For  every  100  divimoDS  tn 
by  the  index  of  the  wheel  with  100  teeth,  wltildl  i 
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gponds  with  the  same  number  of  rotations  performed  by 
the  plate  beneath,  one  dtvision  is  registered  by  the  other 
of  the  two  indexes :  an  arrangement  which  affords  great 
facility  for  reading  off  the  multitudinous  vibratiuas  of 
which  each  sound  is  composed. 

If  water  be  passed  into  the  syrene  instead  of  air  the 
same  sounds  are  produced,  even  should  the  instrument  bt 
totally  immersed,  the  same  number  of  vibrations  prudi 
the  same  sound,  and  beucc  the  name  of  the  instrument^; 

This  instrument  in  use,  as  applied  to  a  contiui 
stream  of  air,  is  a  means  for  determining  the  absolute 
number  of  vibrations  in  a  second  necessary  to  the  pitch  of 
a  note,  and  may  be  set  in  motion  by  the  flow  of  air  or  gas 
rrom  a  gasometer,  or  by  a  stream  of  water,  as  already 
mentioned  ;  and  is  a  beautiful  and  praetical  adaptation  of 
a  theory  which  it  at  once  confirms,  affording  at  the 
time  a  key  to  much  that  is  unknown  in  the  relatii 
existing  between  sound  and  its  producing  causes, 

CoNCLDSION. 

Such  are  some  of  the  principal  novelties  which  i 
prominently  brought  before  us,  giving  evidence   of  1 
advance    of  science,    and    plainly    bespeaking    the   | 
effort  of  the  age  to  be  a  seeking  after  facts  &ud  1 
relations,  confirmatory  of  which  are  the  earnestly-pui 
investigations  in   magnetism,   in   photography,   Brc 
application  of  the  latter,  the  self- registering  iaatrumfl 
of  Dollond,  Newman,  Hcwitson,  and  others  j  all  of  wlq 
by  compelling  Nature  to  record  her  own  facts,  are  Uyi 
a  series  of  undoubted  worth  and  accuracy  for  future  v 
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It  is  evident  that^  wherever  we  are  possessed  of  suffi- 
cient strength  to  command  the  services  of  nature  to  our 
own  ends^  an  immense  power  is  obtained;  for  one  set  of 
laws  is  brought  into  contact  with  a  set  of  facts^  of  the 
governing  laws  of  which  we  know  nothings  and  once  set 
in  motion  may  run  parallel  for  a  time,  but  may  ultimately 
exhibit  a  tendency  to  converge  actually  towards  each 
other,  or,  by  the  detection  of  an  agent  common  to  both, 
may  set  the  germ  of  the  theory  which  shall  unravel  the 
mystery  we  are  desirous  to  penetrate.  That  knowledge 
which  we  do  possess  has  ever  been  our  only  means  for 
the  attainment  of  that  which  we  have  not,  and  the  ob- 
servation of  facts  and  their  relations,  with  which  we  are 
daily  familiar,  can  alone  enable  us  to  solve  the  causation 
of  effects  viewed  at  a  great  distance,  and  only  to  be 
accounted  for  on  analogical  reasoning.  In  by-gone  times 
man  knew  no  substitute  for  the  replacement  of  manual 
exertion ;  work  with  the  hammer  required  the  employment 
of  men,  in  whom  muscular  strength  was  the  only  capital 
invested :  this  was  superseded  by  a  knowledge  of  me- 
chanics,— the  law  of  forces,  which  compelled  the  weight 
to  descend  unerringly  at  the  app6inted  time.  Now  a 
higher  agent  still  is  called  into  play,  and  the  galvanic 
current,  —  a  stream,  subtle,  imperceptible,  and  instan- 
taneous,— is  made  to  endue  the  ponderous  iron  w^* '  " 
still  more  unerring  precision ;  and,  more  imporfca 
found  linked  with  a  power,  that  of  magnet 
ivhich  other  agents  of  nature,  light  and  chenuM 
work  to  supply  materials  to  enable  us  to  dneidm 
and  electro-magnetism,  while  supplying  us  witll 
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motive  force,  gives  ua  a  means  of  handling  tlie  nnknM 
power,  tuid  permits  us  to  add  experiments  and  praeti 
to  the  slow  process  of  accumulating  observations. 

From  facts  such   as  these,  which   plainly  show  I 
necessiij  of  still  increased  attention  to   the   culture  fl 
science,  you  would  naturally  e.ipect  that  I  should  urgr 
gentlemen  to  its  pursuit,     As  sq  Englishman  anxious  fur 
the  maintenance  of  his  country's  prosperity, /<fo;  bnt  II] 
cannot  forbear  observing,  that  lavish  as  is  the  repaym 
made  by  science  for  its  culture,  inadequate  in  this  C 
at   all  times  has  been   the  repayment  permitted  to  !■ 
followers.     The  lot  of  the  scientific  man  has  herctafbi 
.   most  frequently  to  expend  years  of  study,  i 
t,  and  research,  his  nieans,  possibly  his  health: 
riat  return  ?     To  find  himself  unrecognised,  unhee 
and  each  year  a  poorer  man  than  lie  was  the  year  beftA 
to  find  that  for  want  of  power,  through  the  lack  of  a 
for  its  employment,  he  has  served  to  lay  a  foundation  I 
the  after  use   of  countries  more  liberal  and   more  < 
cerning,  and  so  to  possess  another  with  ease  of  the  { 
to  place  which  at  the  disposal  of  his  country  he  has  s 
ficed  the  best  years  of  his   life.      His  only  recomn 
too  frequently,  is  the  internal   consciousness   that  he  j 
benefiting  his  fellow-man   and  adding  to  human  knc 
ledge  J    that  when  he  is  no  more,  his  labours  will  i 
stand  forward  aud  receive  acknowledgment,  although  1 
late  to  benefit  him  or  those  nearest  to  him — ^that  he  ■ 
others  are  acquiring  knowledge  which,  if  not  bestowed! 
their  coimtry's  service  and  for  her  aggrandizement,  ^ 
ultimately  diminish,  if  not  deprive  her  of  the  power-1 
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rewarding  the  toil  of  the  most  humble  of  her  sons  of 
labour.     Of  this  consciousness  none  can  deprive  him. 

But  if  the  unpromising  nature  of  the  ground  before 
him  be  insufficient  to  daunt  the  ardour  of  the  lover  of 
science  when  once  engaged  in  its  pursuit;  if^  knowing 
well  the  obstacles  which  present  themselves  in  the  rugged 
ascent^  any  gentleman  of  talent  be  content  to  pass  by  the 
beaten  tracks  to  wealth  and  preferment  to  choose  that 
which,  successfully  pursued,  should  lead  him  to  renown, — 
if  thus  a  man  of  undoubted  worth  and  fidelity  be  secured 
to  the  cause  of  science,  these  obstacles  are  more  than 
sufficient  to  turn  aside,  into  the  smoother  paths  leading  to 
professions  which  hold  out  inducements  to  their  pursuit, 
the  far  greater  number  of  those  who  are  well  qualified  by 
talent,  education,  and  bias,  to  add  to  the  stores  of  science 
and  shed  lustre  on  their  country. 

That  every  man  in  the  pursuit  of  the  investigations 
which  his  own  peculiar  genius  suggests  to  him  should  be 
prepared  for  a  time  to  sacrifice  both  means  and  social 
enjoyment,  is  just;  but  it  is  not  just  that  their  ter- 
mination should  hold  out  no  promise  of  reward.  From 
their  nature  they  involve  expense,  the  purchase  of  instru- 
ments, apparatus,  and  appliances  of  various  kinds, — an 
expenditure  of  capital  as  well  as  thought  and  talent ;  but 
when  he  finds  that  they  have  precluded  him  from  the 
acquisition,  not  of  wealth,  but  of  competence,  and  that 
just  when  years  of  study  and  perseveran^  '   ought 

him  to  that  position  when  to  the  furd 
vestigations  is  necessary  the  co-operatio 
some  measure  directed  by  himself, — a  d 
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secure  a  guiding  power  over  inquiries  highly  serviceable  to 
the  jiublic. 

I  liave  permitted  myself  to  spe^k  thus  freely,  from  a 
conviction  that  the  dawn  of  a  brighter  day  for  science  is 
fast  approaching.  The  erection  of  the  Exhibition,  and 
the  respect  shown  to  mind,  by  intrusting  to  its  charge 
the  management  and  direction  of  its  multitudinous  details, 
and  the  constituting  it  sole  judge  of  the  respective  excel- 
lencies of  its  contents ;  the  high  intei^st  that  science 
in  its  highest  applications  and  developemeuta  of  power 
commanded  from  its  Illustrious  designer,  leads  to  the 
reasonable  expectation  that  more  encouragement  will  be 
held  out  to  those  who  arc  capable  of  adding  to  the  number 
of  truths  on  which  such  applications  are  founded,  and 
glad  I  am  to  find  that  in  this  view  I  am  supported  by  a 
brother  Juror.  In  a  letter  I  have  lately  received  from 
Sir  David  Brewster,  he  says,  speaking  upon  this  subject, 
"  I  am  persuaded  that  the  Exhibition  will  exercise  the  moat 
salutary  influence,  in  so  far  as  it  will  turn  the  attention 
of  the  inflnential  classes  of  society  to  the  vast  national 
importance  of  encouraging  science  and  the  arts,  by  placing 
men  who  advance  them  in  a  better  position  than  they 
have  hitherto  occupied  in  this  country:  and  science,  in 
place  of  moving  upwards,  struggling  against  a  precipitous 
ascent  in  passing  from  the  lower  and  middle  classes  to  the 
higher,  will  ascend  with  a  gentle  movement,  and  carry  with 
it  the  dignity  and  importance  belonging  to  it." 

The  culture  of  science  is  itself  a  high  test  of  civiliz- 
ation, and  we  arc  irresistibly  led  to  think  highly  of  a 
state  of  society,  remarkable,  like  the  present,  for  its  per- 
severing attempts  to  cultivate  science,  with  direct  relation 
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to  the  eiery-day  necessities  of  life,  its  stores  bemg  dmljr 
ransacked  to  coDtribute  to  the  meanest  comfurta  of  Ufc, 
and  to  forward  to  perfection  instruments,  to  assist  in 
laying  np  theories  for  future  use.  As  theories  precede 
their  practical  application  some  little  time,  and  requiit 
a  high  order  of  mind  to  deduce  them  from  the  obser- 
vations of  the  many,  it  follows  that  the  succeeding  en 
of  practical  application  must  give  occupation  to  many 
more;  and  the  value  of  these  practical  applicatioua  the 
Exhibition  was  well  calculated  to  expose,  and  did  not  fail 
to  attest  that  the  developement  of  scienti6c  principles  haa 
not  equally  progressed  in  each  country,  although  the  de- 
velopement in  every  case  has  preceded  a  very  little  while 
their  general  dissemination;  but  the  exhibiting  the  super- 
structures erected  upon  such  principles  was  well  calculated 
to  raise  the  most  indifferent  to  the  level  of  the  beat :  iu  the 
same  manner  as  the  now  established  pre-eminence  oft) 
British  microscope  will  cause  the  best  exertions  of  t 
French  and  German  makers  to  be  directed,  first,  to  eqqi 
and  then  to  excel  them ;  while,  at  the  same  time,  a  knowle 
that  this  is  likely  to  be  the  case  will  act  as  an  i 
to  our  microscopists  for  the  maintenance  of  the  supe- 
riority, which  competent  and  close  investigation  yielded 
to  them.  This  is  a  single  illustration,  out  of  many  I  could 
adduce,  to  show  how  the  groundwork  had  been  lud  | 
the  diffusion  of  a  spirit  of  emulation,  which, 
between  nations  vying  with  each  other  in  productive  altj 
will  not  be  one  of  the  least  important  fruits  of  1 
Exhibition. 

Of  the  working  details  and  management  of  the  1 
bition  I  may  not  here  speak,  as  they  do  not  fall  withia  6 
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prescribed  limits ;  but  I  may  with  propriety  observe^  that 
the  careful  examinations  induced  by  the  medal   awards 
elicited  the  greater  number  of  those  facts  in  connexionwit 
the  subjects  collected,  which  must  necessarily  stand  as  the 
only  record  to  posterity  of  the  merits  and  utility  of  the 
collection.     The  eliciting  and  collecting  of  facts  is  at  all 
times  important,  but  the  combination  and  classification  is 
still  more  so,  as  giving  tenfold  value  to  those  already 
gained,  and  withdrawing  many  more  from  the  obscurity  in 
which  otherwise  they  must  for  ever  have  been  plunged. 
Without  the  Jury  examination,  a  knowledge  of  the  novelties 
and  improvements  I  have  this  evening  brought  forward 
would  have  been  confined  to  the  few.     To  aw^rd  the  medals, 
the  criticism  and  judgment  of  gentlemen^  at  home  and 
from  abroad  were  requested  and  obtained :  by  which  means, 
not  only  were  hidden  merits  revealed  and  their  value 
estimated^  but^an  official  sanction  was  obtained,  which, 
while  it  secured  to  merit  its  true  positTon,  gave  to  the 
public  certain  standards  of  excellence  highly  important  for 
lheffi~~ta'"posse85;~-and-^e' contents  of  i5e  building,  and 
particularly  of  Class  X.,  without  the  award  system,  would 
have  stood  merely  as  records  of  the  industry  and  ingenuity 
of  man,  whilst  the  statistics  of  relative  merit^nd  the 
advance  of  nations  would  have  been  facts  concealed  by  the 
caprice  of  individual  opinion,  not  bound  together  by  the 
pursuit  of  a  sanctioned  and  enjoined  inquiry.     I   speak 
with  commendation  of  the  system  as  a  whole,  and  of  the 
general  results  obtained,  which,  of  sterling  value  now,  will 
become  still  more  so  as  the  era  of  the  Exhibition  recedes, 
and  the  works  of  the  present  day  co-mingle  with  the  pro; 
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duclions  hr  wliich  the  tnndali  were  awarded.  But  I  slwuIJ 
be  doing  fresh  injustiec  to  Mr.  Simms  were  I  to  ■iiETcrtbc 
observations  I  have  made  to  imply,  that  the:  Kccond-ntti' 
medfll  awarded  to  that  gentleman  was  to  be  undnrttood  u 
his  due  reward.  Scarcely  any  one  in  this  room  can  br 
ignoraiit,  that  the  rceomnieiidation»  of  the  Jury  for  the 
Council  medal  could  not  be  carried  into  effect  without  thr 
sanction  of  the  Council  of  Chairmen, — a  iKidy  composed  uf 
gcDtlcmcn,  each  of  whom  was  chairman  to  a  st-parnte  clus . 
thus,  in  the  Council  to  which  Mr.  Simms'ii  award  wu 
■nbmitted,  one  individual  only  represented  that  cIumk  which 
was  alone  competent  to  decide  upon  the  merits  of  instru- 
ments of  so  costly  and  exclusive  a  natnre.  By  the  con- 
•tituLion  of  thin  Council,  those  wlio  were  quite  incumjictent 
to  fonn  an  opinion  upon  the  merits  of  an  aitronomini 
instrument  possessed  equal  voice  with  those  who  wen-  >*''■ 
qualified  to  judge,  and  who  must  have  necessarily  bvi  d 
the  minority,  as  the  improvements  exhibited  by  Mr.  SiiM^i 
were  only  to  be  discovered  and  understood  by  thone  con- 
versant with  the  use  of  astronomical  instruments.  Tottiii 
Council,  with  whom  it  seems  that  the  unanimouH  deeisioai 
of  the  Jury,  and  the  groups  of  Juries,  had  no  weight,  llu 
Chairman  of  Class  X.  bad  to  maintain  tbc  reconmi(.-ndi 
of  the  Jury  in  every  case  in  which  a  Council  medal  hid 
been  voted.  This  arrangement  necessarily  n'udercd  lb 
Chairman,  in  some  cases,  dependent  upon  those  entrusted 
with  special  examinations,  as  ib  tbc  present  instance  (( 
constitution  m  faulty,  that  the  absence  of  an  itidividoaltf 
s  meeting  might  be  followed  by  the  loss  of  the  infurmatin 
neccsury  to  the  inaintuniog  the  decision  of  the  Jo;. 
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Thus^  a  system  good  m  its  general  workings  as  securing  to 
a  certain  standard  of  excellence  the  same  rate  of  reward, 
was^  in  this  instance,  incompetent  to  the  necessities  of  the 
case.  The  Jury  recommendation  was  not  passed,  and  the 
medal  awarded  was  that  which,  in  the  opinion  of  the  Jury, 
was  beneath  his  merit. 

It  should  be  borne  in  mind,  that  Mr.  Simms  did  not 
voluntarily  enter  the  lists  as  a,  competitor  in  that  fidd 
from  which  it  appeared  evident  he  must  return  successful, 
for  when  the  doors  of  the  Exhibition  first  unclosed,  there 
existed  no  contribution  from  him.  The  inadequate  repre- 
sentation of  British  work  soon  became  glaringly  apparent, 
and  Mr.  Simms  was  urged  and  requested,  late  as  it  was,  to 
retrieve  our  credit  by  exhibiting ;  he  did  so,  and  enabled 
our  country  to  compete  successfully  with  others.  The 
return  made  to  him  might  have  been  attended  with  great 
injury ;  but  as  one  of  those  in  whose  hands  has  long  been 
vested  the  credit  of  our  country  for  its  philosophical  instru- 
ments, no  fear  can  be  entertained  that  he  will  sustain  a 
diminished  reputation.  The  improvements  and  excellencies 
of  the  instruments  exhibited  by  him,  and  partly  explained 
to  you  this  evening,  are  alone  sufficient  to  defend  him  in 
the  opinion  of  those  who  have  long  appreciated  his  suc- 
cessful public  career,  and  foreign  nations  who  have  long 
accustomed  to  avail  themselves  of  the  resources  of  his  skill. 

Let  us,  in  conclusion,  review  for  a  moment  that  which 
we  have  discovered  in  this  one  department  of  the  Exhi- 
bition. Wc  have  beheld  the  sciences  of  the  age  in  their 
various  ramifications  and  objects  up  to  the  moment  of 
unclosing  the  doors  of  the  Great  Palace ;  we  have  beheld 
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the  varioufl  tncthods,  from  our  own  and  other  countrici. 
for  the  attaiiuiiciit  of  tbc  same  object ;  vc  have  seen  those 
methods  analyzed,  their  nierita  and  demerits  estimated; 
also,  the  promised  adaption  of  new  and  proved  methods, 
the  natural  conaequeneo  of  tlie  publicity  afforded  to  them. 
We  have  beheld  the  union  of  ])ractieal  and  scientific  men, 
and  its  good  results  fore- sh ado w cd ;  we  have  seen  the 
artizan  and  the  poorest  labourer  culling  knowledge  to  the 
utmost  of  their  power  from  the  same  source  with  men  of 
cultivated  minds  and  high  position, — all  which,  I  cannot  but 
hope,  will  cause  the  Kx-hibition  to  occupy  in  lime  to  comt 
u  high  position  among  the  scientilic  bodies  of  the  age. 
The  gratitude  of  all  iutercBted  in  the  Exhibition  (which 
must  include  that  of  every  one  anxious  for  the  extennion 
of  knowledge),  uext  to  its  iilustrious  designer,  is  dur 
especi&Uy  to  those  promoters  of  the  undertaking,  —  ilie 
Executive  Committ(%,  who  invested  talent,  time,  and  lu- 
come,  in  its  management  and  success,  and  to  whom  Is  due 
much  of  the  good  arising  from  its  excellent  managcmcDt; 
for  the  Exhibition,  when  erected  and  furnished  with  it) 
varied  contents,  stood  but  a  vast  engine,  to  be  wic1il<il 
either  to  the  public  advantage  or  disadvantage.  At  prc^nu 
it  has  contributed  tocxtend  the  range  of  human  knowledjri;, 
and  will,  in  all  probability,  give  rise  to  the  inHtitution  of  in- 
dustrial schools,  which,  when  once  established,  will  hard); 
be  relinquished.  These  industrial  schouU  will  eultivate  the 
many,  and  their  establishment,  sanctioned  by  time  am)  in- 
creased in  number,  will  cause  the  infliienet  of  tlie  Kxhibitiou 
of  1S51  to  be  fur  spread  and  felt  in  all  tiitii;  to  come. 
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CIVIL  ENGINEERING  AND  MACHINERY 

GENERALLY. 


The  machinery  in  the  Great  Exhibition,  which  formed 
one  of  the  four  great  divisions,  was  remarkable  not  only 
from  the  great  space  occupied  by  it,  but  in  most  eases  for 
the  very  excellent  specimens  sent,  and  to  the  general  public 
of  extreme  interest,  from  the  fact  that,  with  the  exception 
of  locomotives  and  steam-boat  engines,  few  people  ever  see 
machinery  in  motion,  and  no  engineers  even  had  ever  seen 
all  the  varieties  there  exhibited. 

Some  difficulty  was  found  in  drawing  the  line  that 
should  divide  Machinery  from  Manufactures,  and  many 
apparent  errors  of  arrangement  arose  from  the  fact,  that  in 
some  cases  the  exhibitors  wished  to  have  the  whole  of  their 
articles  in  one  place,  and  until  the  very  tardy  arrival  of  the 
things  themselves  their  exact  classification  was  impossible, 
and  it  was  then  often  too  late  to  make  any  change.  Thus 
one  justly-celebrated  firm,  having  a  grant  of  space  for  iron 
work,  sent  as  part  of  it  cannon  and  a  sugar-mill,  several 
tons  weight,  and  found  themselves  in  the  same  clas|^ 
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candlesticks  and  teapots.  Many  pumps  were  very  properly 
sent  as  maniiracturea,  and  many  others  as  machmes.  Most 
of  the  mining  apparatus  was  shown  in  the  sectiun  of  Raw 
Materials,  in  connexion  with  the  minerals  worked  by  it ; 
but  in  some  cases,  where  of  general  application,  as  in  thj 
pumping  and  lifting  apparatus  for  mines,  especially  wl 
put  in  motion,  it  was  placed  in  Machinery  proper. 

Filters  were  much  scattered,  some  being  sent  in 
hydraulic  machines,  others  as  specimens  of  mineral  manu- 
factuitSj  and  others  again  in  exhibition  of  eurthcaware 
goods.  In  one  case,  where  apace  was  applied  for  to  exhibit 
a  filtering- machine,  it  turned  out  to  be  an  ordinary  coffee- 
pot. Weighbg  machines  were  found  in  three  places,  vii, 
as  machines,  as  philosophical  instruments,  and  as 
mongery. 

Locks  in  all  eases  were  exhibited  as  ironmongerj-,  but' 
several  of  them  showed  very  mnch  greater  mechanical  talent 
than  was  displayed  in  machines  of  great  pretension.  Other 
apparent  discrepancies  in  the  arrangements  arose  from  the 
neeesaity  of  bringing  all  those  things  near  together  that 
required  supplies  of  water  and  means  of  running  it  to 
waste. 

The  very  late  hour  at  which  any  of  the  foreign  exhi- 
bitors claimed  any  space  for  machinery  in  movement  pre- 
cluded any  good  classification  of  position  for  them  amongst 
similar  English  machines;  and  the  American  wood  and 
stone-planing  machines,  and  pumps,  were  thus  of  necessity 
placed  in  the  only  space  available,  and  which  had  been 
allotted  for  cotton  machinery,  withdrawn  shortly  before 
the   opening, 
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Ichines  in  motion,  for  making  chocolate 
kg,  were  also  far  distant  from  all  other 
Bi  the  same  reason.  At  one  time,  for 
B  excess  of  5000  square  feet  was  allotted 
B  than  was  available,  on  the  ground  that 
3  certain  to  occur;  and  when  they 

s  not  possible  to  fill  up  the  space  thus 
i  a  similar  machine.     On  these  grounds, 

e  must  be  made  for  the  arrangements 
ait  imperfect,  both  on  the  ground  and  in 


CLASS  V. 
Machines  fok  Direct  UaE. 
lass  of  land  steam-engines,  the  Exhibition  did 
present  the  state  of  things  in  the  world  gene- 
many  reasons  combined  to  produce  this  result, 
usually  bulky  and   heavy,   and  require   strong 
DB  and  large  quantities  of  steam  and  water  if  at 
d  if  not,  their  performanee  caiinot  be  judged  of. 
'power  was  the  limit  put  upon  the  size  of  engines 
to  be  put  in  motion ;  and  as  engiues  of  this  size 
I  by  almost  every  engineer,  the  leading  makers, 
pe  enables  them  to  obtain  orders  for  the  more 
ige  engines,   seldom   trouble   themselves   about 
clng  or  improving  small  ones,  and  did  not  send 
Bir  large  ones. 
CDgines,  for  the  same  rnaoiis  as  to  bulk  and 
superior 
spirited 
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fimi  of  James  Watt  nnd  Co.  from  sending  a  pi 
propeller  engines  of  TOO-horse  power,  and  weighing,  wit] 
boilers,  more  than  100  tons. 

Marinebeam-ongineaof  theplan  usually  made  till 
years  ago,  and  stiU  in  vogue  in  some  places,  were  not  she 
except  in  model ;  and  little  attention  is  now  given  to  tlu 
since  the  direct-acting  engines  were  introduced,  as  th( 
latter  offer  many  advantages  in  saving  weight  and  nwm^ 
besides  having  fewer  parts  liable  to  fracture.     None  of  the 
builders  of  large  engines  on  the  Clyde  sent  at  all,  thongh 
one  of  them  devoted  much  time  to  the  Jury. 

Marine  oscillating  engines  for  paddle-wheel  boats, 
of  admirable  arrangement,  were  shown  in  model  by  two 
the  first  English  makers,  Maudslay  and  Penn,  tlie  latter  of 
whom  sent  also  a  pair  of  12-horse  engines  as  used  in  the 
boats  on  the  river;  and  a  pair  of  full-sized  70-horse  boat- 
engines  were  sent  from  Belgium  by  Coclterell,  of  Liege. 

This  class  of  engine  has  been  little  altered  in  arrange- 
ment since  its  introduction  in  boats,  except  in  the  position 
of  the  air-pumps,  and  in  being  better  balanced  by  having 
two  small  slide-valves  near  the  sides,  instead  of  one  at  the 
front.  This  modification  will  no  doubt  be  now  generally 
followed,  as  its  advantages  are  evident  in  keepmg  the 
engines  better  balanced,  and  the  gear  hghter  and  more 
compact. 

Marine  boilers,  which  are  of  such  importance  in  steam- 
navigation,  were,  from  their  bulk,  almost  totaUy  unrepre- 
sented, although  few  things  of  the  present  day  show  more 
rapid  progress  and  greater  varieties  of  arrangement  and 
proportion.     The  modem  tubular  boiler  has  uearly  super- 
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sedcd  the  old  class  of  fiue  boilers  in  Bteam-vessels,  and, 
like  the  direct-acting  engines,  saves  much  room,  as  well  as 
great  weights  of  water  and  iron. 

Marine  engines  for  driving  the  screw-propeller  were 
objects  of  much  interest  at  the  Exbibitioo;  and  rapid 
progress  is  making  in  this  sort  of  engine,  which  offers  in 
many  cases  great  advantages  for  steam-vessels,  even  over 
the  most  improved  form  of  direct-acting  paddle-wheel 
engines ;  for,  fortunately  for  the  progress  of  science  in  this 
department,  the  long  and  Ermly-estahlished  rules  respecting 
the  speed  at  which  the  pistons  of  condensing  steam-engines 
should  move,  were  of  necessity  abandoned  when  the  engines 
were  connected  direct  on  to  the  screw-shaft,  and  experience 
has  proved  that  increased  speeds  in  marine  condensing 
engines  may  be  obtained  without  any  inconvenience,  espe- 
cially when  canvass  or  india-rubber  valves  are  substituted 
in  the  air-pumps  for  the  old  metat  valves,  which  were  quite 
unsuited  for  high  speeds. 

In  some  cases,  makers  are  still  using  geared  wheels  to 
gain  the  necessary  speed  of  the  propeller  shaft,  but  this 
plan  will  probably  be  completely  superseded  by  engines 
coupled  direct  on  to  it ;  as,  with  the  example  before  us  of 
the  very  excellent  results  obtained  in  locomotives,  where 
the  pistons  often  run  four  or  five  times  the  speed  formerly 
considered  right,  it  cauoot  be  doubted  that  the  same  thing 
may  be  done  in  steam-boats :  for  instance,  a  locomotive 
engine  of  the  largest  class  will  exert  a  force  equal  to  that 
of  1000  horses,  although  it  will  weigh  only  30  tons ;  and 
this  includes  water  in  the  boikr^  ^ving  the  power  of  about 
30  horses  for  each  ton  weu 
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Let  U3  now  look  at  the  weights  of  marine  engines. 
First  of  all,  the  old  beam-engines  and  flucd  boilers,  with 
3  or  4Iba.  ateam,  gave  only  a  force  equal  to  about  that  of 
two  horses  for  each  ton  weight.  The  direct-acting  engine* 
and  tubular  boilers,  and  increased  pressure  and  spe^  of 
piston,  may  be  said  to  have  brought  each  ton  wei^t 
to  equal  the  power  of  four  horses,  and,  in  one  or  two 
cases,  even  up  to  that  of  sis  horses.  It  must  be  borat 
in  mind,  that,  owing  to  low  pressure  being  used  in  marine 
engines,  they  are  burdened  with  condensing  apparatus,  mi 
are  necessarily  very  bulky.  Salt  water,  too,  in  many  ca?.  ■ 
and  in  all  the  necessity  of  guarding  against  fire  on  slii]'- 
board,  prevents  diminution  in  the  boilers  to  the  extent  nt 
those  of  locomotives ;  but,  allowing  for  all  these  circam- 
stances,  it  hardly  justifies  so  great  a  difference  in  the  power 
obtained  from  a  certain  weight  in  machinery  as  we  find  u 
exist  between  locomotive  and  marine  engines. 

The  Exhibition  shows  us,  that  in  the  better  sort*  ■! 
engines  sent  there  the  simplification  of  parts  is  very  mud 
studied,  and  especially  in  the  screw-propeller  engine-, 
which,  for  condensing  engines,  arc  of  great  sirnplicitT 
compared  with  previous  productions  even  of  the  same 
makers.  The  models  on  the  table  are  of  some  of  the  most 
approved  modem  forms,  by  Moudslay  and  Pcun, 

Of  screw-propellers  themselves,  one  great  novelty  wh 
the  feathering-screw,  shown  by  Slessrs,  Maudslay  and  Field, 
which  allows  the  blades  to  be  easily  moved,  cither  into 
the  proper  position  for  propelhng  the  vessel,  or,  when  not 
steaming,  they  may  be  brought  in  a  line  witb  the  stera- 
post,  so  as  to  offer  little  or  no  resistance  to  the  progress  ol 
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the  vessel  if  sailing.  They  have  been  tried  and  found  to 
answer  well  in  the  screw  steamers  running  to  the  Cape  of 
(xood  Hope  and  back,  which  is,  perhaps,  the  longest  voyage 
undertaken  regularly  under  steam  for  passenger  and  goods 
traffic. 

Amongst  the  steam-engines  was  one  sent  by  Mr.  Davies, 
of  Tipton,  to  which  was  attached  a  most  beautifully-arranged 
governor.  It  consisted  of  a  single  hollow  ball  with  a  ifone 
round  it,  with  an  opening  through  the  bottom  to  admit  of 
an  upright  spindle,  which  was  attached  to  the  ball  by  a 
joint  in  its  centre.  One  side  of  the  ball  and  zone  was 
made  much  heavier  than  the  other,  and  consequently,  when 
at  rest  or  moving  slowly,  it  hung  down,  but  when  driven 
fast  the  centrifugal  force  of  the  heavy  side  overcame  its 
gravity,  and  the  zone  assumed  nearly  an  horizontal  position. 
When  this  was  the  case,  a  small  link  inside  the  ball,  jointed 
on  one  side  of  the  axis,  lowered  the  usual  brass  collar  on 
the  spindle,  and  shut  off  part  of  the  steam,  till  the  speed 
diminishing  allowed  the  gravity  of  the  zone  to  overcome 
the  centrifugal  force,  and  the  link  being  raised,  the  throttle- 
valve  was  opened  wider  to  admit  more  steam. 

A  very  good  steam-pump  was  shown  by  Mr.  (rarrett, 
and  was  worthy  of  remark  from  having  an  air-vessel  on  the 
suction-pipe  as  well  as  on  the  delivery,  making  the  stream 
almost  constant,  and  doing  away  with  the  shocks  often  felt 
in  pumps  that  are  driven  at  great  speeds  from  the  recoil  of 
the  column  of  water  in  the  suction-pipe.  These  pumps 
were  used  to  feed  the  boilers  in  the  Exhibition,  and  ran  a 
very  good  speed,  with  very  little  shock  to  the  moving 
parts. 
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Let  US  Qow  look  at  the  weights  of  marine  engines. 
First  of  all,  the  old  beam -engine  a  aud  flued  boilers,  with 
3  or  41bs.  ateani,  gave  only  a  force  equal  to  about  that  of 
two  horses  for  each  ton  weight.  The  direct-acting  engine) 
and  tubular  boilers,  and  increased  pressure  and  speed  of 
piston,  may  be  said  to  have  brought  each  ton  weight 
to  equal  the  power  of  four  horses,  and,  in  one  or  two 
cases,  even  up  to  tliat  of  six  horses.  It  must  be  borne 
in  mind,  that,  owing  to  low  pressure  being  used  in  marioe 
engiucs,  they  are  burdened  with  condensing  apparatus,  sod 
are  necessarily  very  bulky.  Salt  water,  too,  in  manycasri, 
and  in  all  the  necessity  of  guarding  against  fire  on  ship- 
board, prevents  diminution  in  the  boilers  to  the  citent  of 
those  of  locomotives  ;  but,  allowing  for  all  these  eircum- 
atanccs,  it  hardly  justifies  so  great  a  difference  in  the  powa 
obtained  from  a  certain  weight  in  machinery  as  we  find  t" 
exist  between  locomotive  aud  marine  engines. 

The  Exhibition  shows  us,  that  in  the  better  sorts  ut 
eugincs  sent  there  the  simplification  of  parts  ia  very  mucl' 
studied,  and  especially  in  the  screw-propeller  engine*, 
which,  for  condensing  engines,  are  of  great  siinplicilj 
compared  with  previous  productions  even  of  the  same 
makers.  The  models  on  the  table  are  of  some  of  the  most 
approved  modem  forms,  by  Maudslay  and  Peun. 

Of  scrcw-projiellers  themselves,  one  great  novelty  wu 
tlie  feathering-screw,  shown  by  Messrs.  Maudslay  and  Field, 
which  allows  the  blades  to  be  easily  moved,  either  ioU 
the  proper  position  for  propclhng  the  vessel,  or,  whi^  nol 
steaming,  they  may  be  brought  in  a  Une  with  the  8ta»- 
post,  so  as  to  oSer  little  or  uo  resistance  to  the  progrenof 
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the  vessel  if  sailing.  They  have  been  tried  and  found  to 
answer  well  in  the  screw  steamers  running  to  the  Cape  of 
Good  Hope  and  back,  which  is,  perhapsiy  the  longest  voyage 
undertaken  regularly  under  steam  for  passenger  and  goods 
traffic. 

Amongst  the  steam-engines  was  one  sent  by  Mr.  Davies, 
of  Tipton,  to  which  was  attached  a  most  beautifully-arranged 
governor.  It  consisted  of  a  single  hollow  ball  with  a  ifone 
round  it,  with  an  opening  through  the  bottom  to  admit  of 
an  upright  spindle,  which  was  attached  to  the  ball  by  a 
joint  in  its  centre.  One  side  of  the  ball  and  zone  wsjb 
made  much  heavier  than  the  other,  and  consequently,  when 
at  rest  or  moving  slowly,  it  hung  down,  but  when  driven 
fast  the  centrifugal  force  of  the  heavy  side  overcame  its 
gravity,  and  the  zone  assumed  nearly  an  horizontal  position. 
When  this  was  the  case,  a  small  link  inside  the  ball,  jointed 
on  one  side  of  the  axis,  lowered  the  usual  brass  collar  on 
the  spindle,  and  shut  off  part  of  the  steam,  till  the  speed 
diminishing  allowed  the  gravity  of  the  zone  to  overcome 
the  centrifugal  force,  and  the  link  being  raised,  the  throttle- 
valve  was  opened  wider  to  admit  more  steam. 

A  very  good  steam-pump  was  shown  by  Mr.  Grarrett, 
and  was  worthy  of  remark  from  having  an  air-vessel  on  the 
suction-pipe  as  well  as  on  the  delivery,  making  the  stream 
almost  constant,  and  doing  away  with  the  shocks  often  felt 
in  pumps  that  are  driven  at  great  speeds  from  the  recoil  of 
the  column  of  water  in  the  suction-pipe.  These  pumps 
were  used  to  feed  the  boilers  in  the  Exhibition,  and  ran  a 
very  good  speed,  with  very  little  shock  to  the  moving 
parts. 
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Let  US  now  look  at  the  weights  of  marine  engioti. 
First  of  all,  the  old  be&m-engines  and  flued  boilers,  with 
3  or  41bs,  steam,  gave  only  a  force  cquai  to  about  that  of 
two  horses  for  each  ton  weight.  The  direct-acting  engiors 
and  tubular  boilers,  and  increased  pressure  and  speed  <•( 
piston,  may  be  said  to  have  bronght  each  ton  wei^'i 
to  equal  the  power  of  four  horses,  and,  in  one  or  t"' 
cases,  evcD  up  to  that  of  six  horses.  It  must  be  hone 
in  mind,  that,  owing  to  low  pressure  being  used  in  marine 
engines,  they  are  burdened  with  condensing  apparatus,  and 
arc  necessarily  very  bulky.  Salt  water,  too,  in  many  ca?.'. 
and  in  all  the  necessity  of  guarding  against  fire  on  «!ii{i 
board,  prevents  diminution  in  the  boilers  to  the  extent  ., 
those  of  loeomotives ;  but,  allowing  for  all  these  eircun- 
stances,  it  hardly  juatiliea  so  great  a  difference  in  the  power 
obtained  from  a  certain  weight  in  machinery  as  we  find  1' 
exist  between  locomotive  aud  marine  engines. 

The  Exhibition  shows  us,  that  in  the  better  sorts  ->' 
engines  sent  there  the  simphfication  of  part?  is  very  luuil 
studied,  and  espeeially  in  the  screw-propeller  engine- 
which,  for  condensing  engines,  arc  of  great  simplicit; 
compared  with  previous  productions  even  of  the  same 
makers.  The  models  on  the  table  are  of  some  of  the  most 
approved  modem  forms,  by  Maudslay  and  Penn. 

Of  screw-propellers  themselves,  one  great  novelty  wai 
the  feathering-screw,  shown  by  Messrs.  ?klaudslay  and  Fidd, 
which  allows  the  blades  to  be  easily  moved,  either  into 
the  proper  position  for  propelhng  the  vessel,  or,  when  not 
steaming,  they  may  be  brought  in  a  line  with  the  sten- 
post,  so  as  to  offer  little  or  no  re^stance  to  the  progran  of 
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the  vessel  if  sailing.  They  have  been  tried  and  found  to 
answer  well  in  the  screw  steamers  running  to  the  Cape  of 
Good  Hope  and  back,  which  is,  perhaps,  the  longest  voyage 
undertaken  regularly  under  steam  for  passenger  and  goods 
traffic. 

Amongst  the  steam-engines  was  one  sent  by  Mr.  Davies, 
of  Tipton,  to  which  was  attached  a  most  beautifully-arranged 
governor.  It  consisted  of  a  single  hollow  ball  with  a  ifone 
round  it,  with  an  opening  through  the  bottom  to  admit  of 
an  upright  spindle,  which  was  attached  to  the  ball  by  a 
joint  in  its  centre.  One  side  of  the  ball  and  zone  wi^ 
made  much  heavier  than  the  other,  and  consequently,  when 
at  rest  or  moving  slowly,  it  hung  down,  but  when  driven 
fast  the  centrifugal  force  of  the  heavy  side  overcame  its 
gravity,  and  the  zone  assumed  nearly  an  horizontal  position. 
When  this  was  the  case,  a  small  link  inside  the  ball,  jointed 
on  one  side  of  the  axis,  lowered  the  usual  brass  collar  on 
the  spindle,  and  shut  off  part  of  the  steam,  till  the  speed 
diminishing  allowed  the  gravity  of  the  zone  to  overcome 
the  centrifugal  force,  and  the  link  being  raised,  the  throttle- 
valve  was  opened  wider  to  admit  more  steam. 

A  very  good  steam-pump  was  shown  by  Mr.  Garrett, 
and  was  worthy  of  remark  from  having  an  air-vessel  on  the 
suction-pipe  as  well  as  on  the  delivery,  making  the  stream 
almost  constant,  and  doing  away  with  the  shocks  often  felt 
in  pumps  that  are  driven  at  great  speeds  from  the  recoil  of 
the  column  of  water  in  the  suction-pipe.  These  pumps 
were  used  to  feed  the  boilers  in  the  Exhibition,  and  ran  a 
very  good  speed,  with  very  little  shock  to  the  moving 
parts. 
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Very  good  illuatrationa  of  water-engines  nctll 
pressure  from  a  bead  of  water,  and  not  by  mere  v 
were  shown  by  Mr.  Armstrong,  of  Newcastle,  and  i 
easy  means  of  obtaining  small  amounts  of  power  a 
little  cost,  especially  in  towns  where  the  water  is  fun 
on  tbe  constant-supply  system,  inasmuch  as  the  w: 
availnble  for  domestic  or  other  use  after  giving  oi 
power  derived  from  its  pressure.  Many  Guch  ma 
are  now  erecting  in  London ;  some  at  tbe  Great  No 
Station,  King's  Cross,  for  lifting  goods  ;  and  others 
West  India  Docks,  for  discharging  coal-ships. 

Another  water-engine  of  great  promise  was  sbo' 
M,  Promont,  in  the  French  compartment.  It 
turbine  on  Fontaine's  system  of  construction,  havii 
merous  apertures,  easily  adjusted  simultaneously  bj 
sluices,  and  well  adapted  even  for  low  heads  of  wal 
was  reputed  to  do  a  duty  of  70  per  cent  of  the  watci 
and  was  estimated  by  the  Jury  to  deserve  the  C 
medal  for  its  good  qualities. 

Hydraulic  presses  were  in  great  force,  and 
most  may  be  named  the  large  press  which  had 
for  lifting  the  tubes  of  the  gigantic  bridge  over  the 
Straits. 

Mr.  Hicks's  compound  press,  which  is  fumisbe 
four  cylinders,  is  a  valuable  modiScation  of  the  pri 
where  great  powers  are  required;  for  it  is  founj 
beyond  a  certain  thickness,  the  extra  metal  addet 
not  give  corresponding  strength.  The  specirae 
wrougbt-iron  punched  out  cold  give  a  good  idea 
force  exerted  by  this  press,  one  of  them  being  eight 
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diameter  and  three  inches  thick;   and  this  took  a  force 
equal  to  the  weight  of  more  than  2000  tons. 

Mr.  Jackson's,  hydraulic  press  was  another  variety, 
which  was  arranged  specially  to  meet  the  difficulty  found 
in  obtaining  sufficient  strength  for  large  cylinders.  It  is 
made  of  cast-iron,  much  thinner  than  usual,  and  then 
bored  and  turned  true  inside  and  out ;  it  is  then  hooped 
with  wrought-iron  hoops,  accurately  fitted.  The  bottom 
rests  on  a  block  or  table,  and  the  cupped  leather,  instead 
of  being  fitted  as  usual  in  the  upper  part  of  the  cylinder, 
is  fixed  to  the  bottom  of  the  ram  itself,  and  travels  with 
it :  by  this  arrangement,  the  strain  on  the  cylinder  in  the 
direction  of  its  length  is  entirely  avoided;  and  in  cases 
where  any  very  enormous  amount  of  pressure  is  wanted  to 
act  only  through  a  short  distance,  the  ram  may  be  brought 
down  to  the  bottom  of  the  cylinder,  and  the  water  being 
forced  in  between  it  and  the  bottom,  a  mere  film  of  water 
is  enough,  and  only  so  much  of  the  length  of  the  cylinder 
has  any  strain  on  it  as  is  equal  to  the  distance  required  to 
be  travelled. 

In  cranes,  the  greatest  novelty  was  the  wrought-iron 
tubular  crane  sent  by  Mr.  Fairbaim,  which  is  likely  to  be 
extensively  used,  and  offers  great  advantages  in  point  of 
lightness  and  strength  combined. 

Henderson's  Derrick  crane  was  also  a  very  exceDeat 
one,  and  a  most  ingenious  yet  simple  means  was  used  tout 
raising  or  lowering  the  gib  without  altering  the  height  of 
the  load  on  it. 

Another  crane  deserving  of  notice  was  that  shown  by 
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James  and  Co.,  which  lifts  and  weighs  at  one  opcmtion ; 
and  a  somewhat  similar  crane  was  shown  in  the  Diicdi 
compartment. 

The  application  of  steam  to  lifting  purposes  was  very 
well  shown  in  the  model  travelling-crane  sent  by  Mes«r& 
M'Nicol  and  Vernon  of  Liverpool.  By  meaus  of  this 
iDTention,  a  boy  may  lift  a  weight  of  ten  tons  or  more, 
and  traverse  it  either  endways  or  sideways  with  the 
greatest  facility;  and  for  large  buildings,  or  for  wbarji 
and  docks,  stone-yards  or  timber-yards,  it  promises  to 
be  a  very  valuable  aid  in  performing  large  quautitiei 
work. 

The  subject  of  water-pumps  was  one  that  attrsclC 
much,  if  not  more  attention,  than  anything  else  among 
the  machinery ;  and  this  was  more  especially  the  case  with 
the  centrifugal  pumps,  which  were  little  known,  anil 
scarcely  ever  used  before  the  time  of  opening  this  Exiii- 
bition :  and  in  these  again,  as  before  in  the  case  of  the 
locomotive  and  screw-propeller,  the  very  valuable  lesson 
was  shown,  what  very  great  effects  may  be  produced  by  a 
very  small  noiseless  machine,  running  at  a  high  speed,  in 
place  of  the  old-fashioned  cumbrous  pumps,  making  a  few 
strokes  per  minute,  and  shaking  the  very  earth  near  theoi 
at  each  stroke. 

As  a  case  in  point,  may  be  instanced  the  ponderous 
machines  constructed  only  a  few  years  since  in  this  countrj 
for  the  purpose  of  draining  the  well-known  lake  of  Haar- 
lem. The  weight  of  the  pumps  and  valves  atlached  to 
one  of  these  engines  will  he  between  100  and  * 
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and  they  were  adapted  to  raise  70  tons  of  water  per 
minute  a  height  of  about  15  feet,  when  working  their 
usual  speed  of  eight  or  ten  strokes  per  minute. 

A  centrifugal  pump,  to  do  the  same  amount  of  work, 
if  on  the  best  plan,  such  as  that  shown  by  Mr.  Appold  in 
the  Exhibition,  or  that  since  made  by  him  for  the  drainage 
of  Whittlesea  Mere,  would  weigh  only  about  two  tons, 
instead  of  from  100  to  200  tons  on  the  former  plan. 

It  is  an  arrangement  also  to  which  small  fast-running 
engines  are  particularly  applicable,  though  it  must  not  be 
supposed,  that  when  equal  quantities  of  water  are  lifted 
equal  heights  there  is  any  great  difference  in  the  total 
power  exerted. 

It  must  be  borne  in  mind  that  these  centrifugal 
pnmps,  like  all  other  machines,  require  peculiar  adaptation 
according  to  the  purposes  for  which  they  are  required, 
and  their  most  advantageous  point  of  working  is  where 
the  lift  does  not  exceed  15  or  20  feet,  as  when  the  water 
requires  lifting  any  very  great  height  other  pumps  will 
perform  better. 

Another  thing  frequently  misunderstood  or  overlooked 
is  the  shape  of  the  arms,  and  this  exercises  a  most  im- 
portant influence  on  their  good  or  bad  performance.  In 
those  pumps  where  the  arms  are  radial,  the  work  done  is 
the  least,  and  may  be  taken  at  about  25  per  cent  of  the 
power  employed.  Where  the  arms  are  placed  at  an  aag^ 
of  about  45°  with  the  radius,  the  work  done  is  tbofO^ 
equal  to  40  per  cent  of  the  power ;  and  where  the  arms  m 
of  the  proper  curvature,  as  much  as  70  per  cent,  of  ^ 
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Let  US  now  look  at  the  veights  of  tuarinc  etij 
First  of  all,  the  old  beam-engines  and  f]ucd  boilers, 
3  or  41b8,  ateani,  gave  only  a  force  equal  to  about  that  of 
two  horses  for  each  ton  weight.     Tlie  direct-acting  engines 
and  tubular  boilers,  and  increased  pressure  and  i 
piston,  may  be  said  to   have   brought  each   ton 
to   equal  the  power  of  four  horses,  and,  in  one  or 
cases,  even  up  to  tliat  of  sis  Lorsea.     It  must  be  borne 
in  mind,  that,  owing  to  low  pressure  being  used  in  marine 
engines,  they  are  burdened  with  condensing  apparatus,  and 
are  necessarily  very  bulky.     Salt  water,  too,  in  many  cases, 
and  in  all  the  necessity  of  guarding  against  fire  on  ship- 
board, prevents  diminution  in  the  boilers  to  the  extent 
those  of  locomotives ;  but,  allowmg  for  all  these  cii 
stances,  it  hardly  justifies  so  great  a  difference 
obtained  from  a  certain  weight  in  machinery  as  we  find  to 
exist  between  locomotive  and  marine  engines. 

The  Exhibition  shows  us,  that  in  the  better  sorts  of 
engines  sent  there  the  simplification  of  parts  is  very  much 
studied,  and  especially  in  the  screw-propeller  engines, 
which,  for  condensing  engines,  are  of  great  simplicity 
compared  with  previous  productions  even  of  the  same 
makers.  The  models  on  the  table  are  of  some  of  the  most 
approved  modem  forms,  by  Maudslay  and  Penn, 

Of  screw-propellers  themselves,  one  great  novelty  was 
the  feathering-screw,  shown  by  Messrs.  Maudslay  and  Fieldj 
which  allows  the  blades  to  be  easily  moved,  either  into 
the  proper  position  for  propelling  the  vessel,  or,  when  not 
steaming,  tbey  may  be  brought  in  a  line  with  the  stem- 
post,  so  as  to  offer  little  or  no  resistance  to  the  progress  of 
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the  vessel  if  eailiag.  They  have  been  tried  and  found  to 
answer  well  in  the  screw  steamers  running  to  the  Cape  of 
Good  Hope  and  back,  which  is,  perhaps,  the  longest  voyage 
undertaken  regularly  under  steam  for  passenger  and  goods 
traffic. 

Amongst  the  steam-engines  was  one  sent  by  Mr.  Davies, 
of  Tipton,  to  which  was  attached  a  most  beautifully- arranged 
governor.  It  consisted  of  a  single  hollow  ball  with  a  Zone 
round  it,  with  an  opening  through  the  bottom  to  admit  of 
au  upright  apiudle,  which  was  attached  to  the  ball  by  a 
joint  in  its  centre.  One  side  of  the  ball  and  zone  was 
made  much  heavier  than  the  other,  and  consequently,  when 
at  rest  or  moving  slowly,  it  hung  down,  but  when  driven 
fast  the  centrifugal  force  of  the  heavy  aide  overcame  its 
gravity,  and  the  zone  assumed  nearly  an  horizontal  position . 
When  this  was  the  case,  a  small  link  inside  the  ball,  jointed 
on  one  side  of  the  axis,  lowered  the  usual  brass  collar  on 
the  spindle,  and  shut  off  part  of  the  steam,  till  the  speed 
diminishing  allowed  the  gravity  of  the  zone  to  overcome 
the  centrifugal  force,  and  the  link  being  raised,  the  throttle- 
was  opened  wider  to  admit  more  steam. 
A  very  good  steam-pump  was  shown  by  Mr.  Garrett, 
id  was  worthy  of  remark  from  having  an  air-vessel  on  the 
snction-pipe  as  well  as  on  the  delivery,  making  the  stream 
almost  constant,  and  doing  away  with  the  shocks  often  felt 
pumps  that  are  driven  at  great  speeds  from  the  recoil  of 
column  of  water  in  the  suction-pipe.  These  pumps 
used  to  feed  the  boilers  in  the  Exhibition,  and  ran  a 
good  speed,  with  very  little  shock  to  the  moving 
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other  axles  break,  or  else  the  boiler  is  supported 
spring  between  the  two  axles.  This  has  the  efl 
throwiog  the  greater  part  of  the  weight  upon  tl 
end  axles,  and  the  centre  of  a  cross-spring  behii 
fire-box  carries  the  weight  of  ttiia  end  of  the  boi 
that  it  is  very  steady  from  resting  on  three  point 
hia  most  modern  arrangement  with  inside  cylindei 
crajjked  axle  has  no  wheels  upon  it,  and  being  ( 
springs  is  thus  relieved  of  all  strains  from  inequali 
the  road;  it  is  coupled  to  the  driving-wheels  by  twi 
with  outside  cranks,  and  combines  the  straight  axle 
driving-wheels  with  inside  cylinders.  The  Council 
was  awarded  for  this  locomotive. 

In  railway- carriages  the  use  of  teak-wood^  q 
quiring  paint,  but  merely  varnished,  was  shown 
Exhil)ition  in  the  Great  Northern  Railway  pasE 
carriages  by  Mr.  Williams,  and  also  in  Mr.  Adams' 
double-bodied  carriage;  and  it  is  likely  to  he  uf 
many  other  purposes.  The  arrangement  of  the  b 
this  latter  carriage  of  Mr.  Adams  is  almost  the  oi 
parture  from  the  form  of  body  introduced  at  the  o; 
of  the  Liverpool  and  Manchester  Railway,  now 
twenty  years  since.  The  axles  are  allowed  a  consu 
amount  of  play  in  the  guards  to  allow  of  passing 
more  freely  with  these  long  caiTiages,  Anothei 
ingenious  arrangement  for  overcoming  this  difficult 
long  carriages  was  shown  by  Mr.  M'Connel,  whe 
axles  are  coupled  to  one  another  by  diagonal  brai 
that  they  actually  become  radii  of  the  curve  over 
they  are  passing. 
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Railway  wheels  and  axles  were  very  good  and  nu- 
merous, but  no  very  great  novelties  were  shown.  How- 
ever, we  must  not  omit  Brigg's  compound  tires,  with 
hard  iron  in  the  wearing  part,  and  tough  in  the  other 
parts ;  and  also  the  beautiful  specimens  of  rolled  tires  sent 
by  Mr.  Jackson. 

The  cast-iron  wheels  in  common  use  in  America  were 
the  only  sort  sent  by  them,  and  it  is  much  to  be  regretted 
that  no  railway  engines  or  models  of  carriages  were  sent 
from  that  country,  as  from  the  great  differences  that  exist 
between  them  and  those  in  use  here,  they  would,  when 
contrasted,  very  probably  have  shown  advantages  capable 
of  mutual  adaptation. 

There  was  a  model  in  the  French  compartment  of  a 
train  of  articulated  carriages  as  used  in  the  railway  be- 
tween Paris  and  Sceaux,  where  the  wheels  revolve  on 
their  axles :  this  has  been  done  on  account  of  the  sharp- 
ness of  the  curves,  and  has  worked  satisfactorily  for  some 
years,  but  nevertheless  does  not  seem  to  have  been  adopted 
on  any  other  lines,  though  it  has  been  repeatedly  proposed 
from  the  very  infancy  of  railways. 

One  great  novelty  in  the  railway  carriages  was  the 
adoption,  by  Mr.  Haddan,  of  papier-m£ich6  panels  instead 
of  wood ;  and  the  mode  of  framing  also  was  both  simpler 
than  that  usually  adopted,  and  better  adapted  to  prevent 
wet  getting  into  the  joints. 

Amongst  buffers  there  was  nothing  partieo^ 
of  observation,  except  the  now  well-known  vul 
rubber  buffers  of  Mr.  De  Bergue. 

KI 
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Railway  breuks  offered  no  great  novelty,  tbougb  j 
Laps  not  much  known  among  the  public  generally, 
sledge-broak,  or  those  similar  in  plan,  shown  by  otbl 
were  brought  much  into  notice,  which  they  would  i 
have  received  but  for  this  ExhibitioB. 

There  was  in  the  Eihibition  a  great  variety  of  (tin 
for  permanent  way  for   railways.      The  rails    shown  1 
Mr,  W.  H.  Barlow  are  truly  a  wrought-iron  way,  ina 
much  as  they  require  no  sleepers,  but  rest  on  the  ballast 
itself.     Tbey  are  bridge-rails  of  the  very  largest  size  and 
section,  and  although   some  difficulty  was  met   with  in 
first  ruUiug  them,  that  appears  to  have  bceu  soon  over- 
come;   and    the    Exhibition    afforded    in    this    pariimW 
abundant  evidence,  not  hitherto  known,  of  the  p[« 
capability  of  producing   rolled  iron   of  very  great  i 
great  variety  of  form,  and  excellent  workmanship. 
joints  of  these  rails  were  luade  by  a  short  length,  a 
two  feet  long,  of  a  section  suitable  for  fitting  be 
rail,  and  riveted  to  it,  aud  little  or  no  inconvenienc 
to  arise  from  the  expansion  or  contraction. 

Another  striking  departure  fiom  the  beaten  p 
shown  by  the  sleepers  exhibited  by  Mr.  Greaves ;  they  J 
not  unlike  a  huge  inverted  wash-hand  basin,  with  \ 
chair  east  on  the  top,  and  are  packed  through  a  h 
near  one  side  of  the  top. 

Several   contrivances  were   shown   for 
the  joints  in  the  rails,  including  Samuel's  fish.-joi 
Peter  Barlow's  joint-chain,  and  others.     The  penuu 
way  adopted  by  Sir  W.  Cubitt,  for   the  Soiith-£ 
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Railway^  and  the  Great  Northern,  was  well  exemplified. 
In  this  and  most  modem  plans,  the  sleepers  are  laid 
much  closer  near  the  joints  than  at  the  other  parts. 

Wild's  well-known  switch  was  ediibited  attached  to 
this  road,  and  except  in  the  improved  details  is  but  little 
changed  for  some  years  past. 

Ransomes  and  May's  chairs,  and  the  compressed  wood- 
wedges  and  trenails  used  for  fastening  them  down,  are  a 
great  improvement  over  iron  fastenings,  and  the  latter  are 
equally  valuable  for  ships'  trenails  from  their  great  hard- 
ness and  durability. 

The  rails  shown  in  the  Exhibition,  composed  of  hard 
crystalline  iron  for  the  top  wearing  surface,  with  tough 
fibrous  iron  for  the  body,  are  a  great  step  towards 
durability,  without  necessarily  adding  much  to  the  ex- 
pense of  manufacture. 

A  most  extensive  collection  of  rolled  iron  and  railway 
bars  was  shown  by  the  Ebbw  Yale  Company  and  the 
Coalbrookdale  Company,  including  almost  every  variety 
of  shape. 

A  railway  water-crane  shown  by  Bansomes  and  May 
is  very  deserving  of  notice;  it  is  formed  with  a  rising  hinge- 
joint,  on  the  same  principle  that  many  doors  are  fitted,  so 
that  it  may  be  held  open  or  across  the  line,  but  when  let 
go  it  turns  part  round  out  of  the  way  of  the  trains. 

Dunn's  valuable  traversing-table  was  shown  by  v 
than  one  exhibitor,  and  received  a  Council  medal. 

Pooley's  weight-table  for  railway  engines,  and 
weighing  machines  generally,  are  well  known,  and 
not  be  further  mentioned  here. 


With  regard  to  common  road  carri^es,  iriud 
clasKd  among  macbioes,  the  principles  involved  ad 
BO  little  variety,  und  so  much  depends  upon  taste  ii 
tiiaiiufacture,  that  I  need  say  bat  little,  except  I 
appeared  to  be  thought,  even  by  many  of  the  ^ 
tbemaclves,  that,  taken  as  a  whole,  it  did  not  1 
the  expectations  previously  formed  of  it. 


the  ^A 

t 


Manufactusino  Machines. 

In  this  class,  the  most  extensive  in  the  whole  I 
tioii,  the  cotton  machines  were  most  remarkable,  be 
their  cJttcut  and  the  very  complete  series  they  fonnc 

Hore  were  to  be  found,  especially  in  the  adn 
collection  of  machines  by  Messrs.  Hibbert  aad  PI 
Oldham,  machines  adapted  to  display  almost  every  pi 
from  the  opening  of  the  cotton  bales  on  their  arri 
this  country  up  to  the  time  of  leaving  the  loom  coi 
ia  the  state  of  calico  ready  for  bleaching;  and  the 
Commissioners  and  public  are  largely  indebted  to  thi 
for  the  liberal  and  spirited  way  in  which  they  jUm 
that  important  manufacture,  and  Lancashire  may  yi 
proud  of  the  way  in  which  her  machines  were  repm 
The  opportunity  here  afforded  to  the  general  specta 
studying  the  immense  number  of  complex  oper 
required,  was  one  that  the  world  had  never  pre? 
known,  and  the  crowded  state  of  the  building  in  tlu 
te«tificd  the  interest  it  excited.     It  was  also  i 
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lesson  to  professional  engineers,  few  of  whom  were  pre- 
viously conversant  with  all  the  details  of  these  machines ; 
and,  in  very  many  cases,  movements  and  combinations  of 
parts  not  hitherto  applied  elsewhere,  were  found  to  be  of 
the. greatest  utility  in  other  machinery. 

It  is  somewhat  remarkable  that  scarcely  any  cotton  or 
other  machinery  whatever  was  sent  from  Glasgow,  or 
indeed  from  Scotland  at  all. 

France  and  Belgium  contributed  some  cotton  machines, 
but  none  in  actual  operation,  and  therefore  it  is  hardly 
safe  or  fair  to  institute  a  comparison  of  their  powers  of 
production ;  but,  nevertheless,  the  "  Depurator,''  or  cotton- 
cleaner,  of  M.  Risler,  was  thought  deserving  of  a  Council 
medal. 

A  highly  ingenious  cotton  drawing-frame  was  sent 
from  the  United  States  by  Mr.  Hayden,  and  I  believe 
for  the  first  time  in  this  country  we  saw  the  machine, 
called  a  saw- gin,  for  cleaning  the  seed  cotton  as  it  comes 
from  the  field,  and  separating  it  into  the  two  parts  —  one, 
the  filaments  of  the  cotton  itself,  as  used  in  manufactures ; 
the  remainder,  the  comparatively  valueless  seed,  which 
forms  by  far  the  largest  part  of  the  whole  quantity  grown. 

Many  attempts  have  been  made  of  late  years  to  find  a 
substitute  for  this  machine,  but  hitherto  without  much 
success.  The  fault  complained  of  is,  that  the  saw-teeth 
are  apt  to  cut  the  fibres  whilst  tearing  them  away  from 
the  seed,  and  thus  reduce  them  in  length  and  consequently 
in  value. 

At  the  present  time  this  want  is  so  much  felt  that  a 
reward  of  5000  rupees  has  been  offered  by  the  authorities 
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mucli  to  be  regretted  it  was  not  worked^  as  it  was  almost 
the  only  cotton  process  except  bleaching  that  was  not 
shown. 

Woollen  Machinery  was  principally  represented  by  one 
house^  that  of  Mason  of  Rochdale^  and  a  very  complete 
and  excellent  set  of  machines  we]re  sent^  some  of  them  new 
to  the  trade^  and  especially  to  foreigners.  Their  condenser 
card  in  particular  merits  notice^  from  the  rapidity  and 
simplicity  of  its  operation,  and  the  award  of  a  Council 
medal  shows  the  estimate  of  the  Jury  of  its  importance: 

It  is  somewhat  remarkable,  that  Leeds  and  the  West 
Riding  of  Yorkshire  should  have  sent  plenty  of  woollen 
and  worsted  goods,  but  no  machines  whatever,  with  two 
exceptions;  one  of  them  a  very  good  set  of  worsted 
machines  by  Mr.  Berry  of  Bradford,  and  the  other  the 
wool-combing  machine  of  Mr.  Donisthorpe.  This  latter 
machine  is  one  of  the  most  eflFective  ever  produced,  for, 
unlike  the  cotton-gin,  which  modern  invention  has  not 
perfected  to  separate  filaments  from  hard  seed,  we  here 
find  an  automatic  machine  performing  the  much  more 
difficult  operation  of  separating  the  long  wool  from  the 
short ;  and  the  success  of  it  may  be  judged  of,  when  I 
state  that  uncombed  wool  put  in  at  one  side  comes  out  at 
the  other  side,  the  long  completely  sorted  from  the  short, 
and  much  increased  in  value. 

Among  the  French  machinery  were  some  machines 
for  carding  and  spinning  wool,  by  Mercier  and  Co.,  to  whom 
the  Council  medal  was  awarded ;  one  part  was  particularly 
deserving  of  notice,  viz.  the  arrangement  of  index  wheels 
on  the  mule,  for  regulating  at  one  operation  the  distance 
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to  which  the  thread  sball  be  drawn  out  ficcoi^ing  tO-« 
fineness  required,  aotl  also  tlie  amount  of  twist  given  to  th 
thread. 

A  vevy  simple  machine  for  cleaning  wool  from  bra 
was  shown  hy  Mr.  Calvert,  and  for  this  and  the  cottoD-gt 
previously  named  he  was  awarded  a  Prize  medal. 

Strange  to  say,  there  were  no  cloth- shearing  machine 
shown  on  the  English  side,  but  several  on  the  Foreign  sidi 
Among  the  French  machines,  one  by  Schneider  umI  Lc 
grand ;  in  Belgium,  one  by  Troupin ;  and  in  Prussia,  en 
by  Tbouias :  all  three  of  which  were  adjudged  worthy  t 
I'rizc  medals. 

The  process  of  making  card  wire-cloth  was  shown  by 
most  beautiful  little  machine  sent  by  Mr.  Crabtree,  whici 
though  not  new  in  this  country  (the  plan  having  bee 
introduced  some  years  since  from  America),  yet  to  & 
public  it  was  more  attractive  thuu  almost  any  other  io  tt 
Exhibition,  and  showed  in  a  most  valuable  manner  ha 
mechanical  skill  may  produce  machinery  capable  of  pe 
forming  the  most  delicate  and  difficult  operations  wil 
unfailing  regularity. 

Several  specimens  of  card  clothing  were  shown  i 
other  makers  in  England,  and  thei-e  were  few  couDtriea 
any  manufacturing  pretensions  that  did  not  also  contribu 
equally  good  specimens  of  this  article,  so  necessary  to  tJ 
cotton  and  woollen  trade. 

Prize  medals  were  allotted,  as  might  be  expected, 
exhibitors  from  the  United  States,  and  also  to  two  olhe 
from  France,  and  the  same  state  of  things  may  be  said 
hold  good   with   regard  to  heckles  and  combs, 
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which  were  quite  equal  to  anything  produced  in  this 
country. 

Flax  machines  were  sent  by  Plummer  of  Newcastle, 
Messrs.  Higgins  of  Manchester,  and  Lawson  and  Sons  of 
Leeds.  Mr.  Plummer's  breaking  rollers,  scutching  mflls, 
and  heckling  machines,  showed  all  the  preparatory  pro- 
cesses in  the  manufacture  of  hemp  and  flax  after  'being 
taken  from  the  steeping  pits;  and  Messrs  Lawson's  ma- 
chines showed  almost  all  the  subsequent  processes  up  to 
the  complete  formation  of  the  flax  into  linen  yam,  ready 
for  the  weaver,  or  for  sewing  purposes.  The  operation  of 
drawing  out  and  spinning  flax  usually  requires  the  appli- 
cation of  hot  water  to  loosen  the  gum  which  holds  the 
twisted  fibres  together,  and  this  renders  the  air  of  the 
mills  hot  and  unwholesome;  but  Lawson's  process,  shown 
in  the  Exhibition,  dispenses  with  this  hot  process,  and  by 
.  keeping  the  fibres  less  twisted  at  the  time  of  drawing  them 
out  finer,  cold  water  is  found  to  be  sufficient  to  dissolve 
enough  of  the  gum  to  allow  the  individual  fibres  to  slide 
one  on  the  other,  as  much  as  is  necessary:  this  has  an 
important  salutary  influence  on  the  health  of  the  operatives 
employed. 

Mr.  Crawhall's  rope-machine  was  one  possessing  many 
good  arrangements,  and  the  arrangement  for  putting  more 
or  less  twist  in  the  rope  is  very  ingenious. 

A  very  novel  addition  to  a  canvass  loom  was  shown  by 
Mr.  Beale  Brown,  for  use  where  the  woven  fabric  requires 
beating  up  very  hard;  it  is  a  triangular  stick,  which  is 
thrown  in  and  out  by  a  motion  similar  to  that  used  for  the 
shuttle ;  by  means  of  the  sharp  edge  of  this  stick  the  weft 
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one  side  of  each  breadth^  and  at  the  proper  time  is  laid 
across  the  warp-threads,  and  tight  around  the  blade  of 
a  knife,  which  is  rather  narrow  and  not  very  sharp  at  this 
part :  the  reed  then  closes  up  and  holds  the  thread  firm 
while  the  knife  is  drawn  down,  and  the  point  being  much 
wider  than  the  other  part,  and  quite  sharp,  cuts  the  out- 
side edge  of  the  fringe,  and  then  rises  again  ready  for 
receiving  another  thread  around  it  when  the  same  process 
is  repeated. 

Many  other  new  modifications  of  Jacquard  apparatus 
for  looms  and  lace-machines  were  shown  in  the  Exhibition, 
and  are  at  the  present  time  attracting  much  attention,  and 
Prize  medals  were  given  to  Acklin  in  France,  Bonardel  in 
Prussia,  and  Gamba  in  Austria,  or  rather  Lombardy. 

Circular  hosiery  machines  and  looms,  exhibited  from 
France,  their  parent  country,  as  well  as  in  this  country 
and  Belgium,  are  good  examples  of  the  extent  to  which 
complexity  of  machinery  may  be  profitably  carried  when 
its  production  is  rendered  more  rapid ;  and  this  was  well 
shown  in  the  contrast  between  the  simple  stocking-frame 
and  the  more  rapid  production  of  the  complex  circular 
machine  adjoining  it.  And  still  more  is  this  shown  in  the 
almost  endless  variety  of  parts  and  movements  in  the 
various  beautiful  lace-machines  sent  from  Nottingham, 
when  contrasted  with  the  former  process  in  use  only  a  few 
years  since,  when  even  plain  lace  net  was  made  by  the 
hand.  The  combination  of  the  Jacquard  apparatus  to 
the  previous  complex  machines  has  added  much  to  their 
capability  of  making  intricate  patterns,  and  was  well  shown 
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by  Mr.  Birkin's  macliiiie,  which  wa«  constantly 
There  is  one  point  about  the  working  of  these  o 
that  requires  notice;  which  is,  the  constant  brw 
threads  that  took  place,  especially  early  in  the  < 
these  niachinea  require  a  very  dry,  warm  room, 
least  dampnoas  of  the  atmosphere  causes  the  th: 
break  ;  the  same  is  the  case  with  the  threads  in  the 
spinning  mills. 


Printing-presses  and  machines  shown  by 
exhibitors  were  numerous  and  very  good,  but  few 
were  on  the  Foreign  side.  The  hauJ-prcsses  had  i 
them  two  or  three  examples  of  self-inking  a[ 
which  is  a  step  towards  reducing  the  time  ncce 
each  impression,  and  probably  for  small  presses  I 
succeed ;  but  objections  arc  made,  that  in  a  pres 
great  size  the  labour  is  too  heavy  for  the  pressmat 

In  connexion  with  this  subject  of  self-inking 
I  may  mention,  that  a  few  days  since,  in  Dublin, 
very  simple  and  effectual  inking  apparatus,  wo 
power  and  attached  to  a  band-press.  When  the 
drawn  from  under  the  press,  and  is  just  at  its 
distance  from  it,  it  throws  a  clutch  into  gear  at  th 
the  press  opposite  the  workman,  and  the  inkin| 
move  sideways  across  the  form,  whilst  the  prei 
changing  the  paper;  and  on  their  return  into  their 
position  the  clutch  throws  itself  out,  and  tbi 
remain  at  rest  on  the  inking  table,  until  the  form 
moved  out  to  its  greatest  distance  from  the  pm 
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the  operation  is  repeated  ;  this  enables  one  man  to  do  the 
work  of  two,  but,  of  course,  is  only  applicable  where  power 
is  available. 

In  printing-machines,  the  first  claiming  our  notice  is 
the  cylinder  machine  of  Mr.  Cowper,  now  in  general  use, 
and  used  for  printing  the  Exhibition  Catalogue.  A  model 
sent  by  that  gentleman  shows  that  the  general  form  has 
remained  little  altered,  since  its  first  introduction  many 
years  since,  and  its  use  is  almost  uniyersal. 

In  Napier^s  cylinder  machine,  which  is  somewhat  on 
the  same  general  principle,  there  are  small  grippers  fixed 
on  the  cylinder,  which  seize  the  front  edge  of  the  paper 
and  carry  it  round  with  them,  dispensing  with  the  tapes. 

The  Scandinavian  printing-machine  was  sent  by  Mr. 
Hopkinson,  and  modern  improvements  on  this  and  other 
platten  machines  are  fast  approaching  the  press  in  the 
quality  of  the  work  done. 

The  largest  and  most  novel  printing-machine  shown 
in  the  Exhibition  was  the  vertical  machine  invented  by 
Mr.  Applegath  for  newspaper  printing,  and  which  was 
fixed  and  worked  in  a  most  spirited  manner  by  Mr. 
Ingram,  the  proprietor,  the  whole  time  printing  the  \^  x^  \^ 
"  Illustrated  Newj.'^ 

Towards  the  close  of  the  Exhibition  a  newspaper- 
folding  machine  was  got  to  work  by  Mr.  Lovesey,  and  the 
public  had  the  satisfaction  of  seeing  this  final  c 
performed  for  the  first  time  in  the  building,    i 
folding  machine  had  been  shown  previously  at  i 
book-work,  by  Mr.  Black,  of  Edinburgh,  to  who 
credit  of  introducing  the  plan  is  due. 
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Paper  machinery  was  shown  in  model  by  Fourdrinii 
first  machine,  and  a  model  of  a  modem  roacliine 
Donkin ;  hut  it  was  only  in  the  French  machinery  thi 
fuU-sised  machine  was  exhihited.  Excellent  sample 
wire-cloth  for  this  purpose  were  also  shown  by  Prano 
well  as  England. 

Two  plans  of  envelope-making  machines  were  sho 
one  by  Mr.  De  la  Biie,  and  the  other  on  Kemond's  p 
by  Messrs.  Waterlow,  and  both  of  them  contained  m 
admirable  arrangements. 

I  must  not  omit  to  mention  Wilson's  paper-cuti 
machine,  which  ia  a  new  and  valuable  addition  to 
stock  of  tools. 

Tuniing  now  to  the  various  machines  for  workin] 
mineral  and  vegetable  substances,  we  find  a  highly  ti 
nious  machine  for  grinding  colours,  or  other  substancei 
a  mortar,  by  Mr.  Mackenzie,  in  which  the  contpo 
motions  are  so  arranged  as  to  change  the  cout-BC  i 
which  the  pestle  travels  at  each  resolution  of  the  inadl 

Crosskill's  small  but  effective  mills  for  grinding 
well  worthy  of  notice,  and  be  is  Hkely  to  reap  a 
harvest  from  those  adapted  for  crushing  Btonc  and  qm 
on  account  of  the  great  demand  for  such  machines 
California  and  Australia.  Several  modifications  nf 
valuable  modem  plan  of  supplying  a  current  of  air  lo 
stone  of  corn-mills  were  shown.  Several  good  plam 
flour-dressing  machines  were  sent. 

Another  interesting  machine  was  shown  by  Baa 
and  Saunders,  of  Bath,  for  cutting  stone  in  its  oali 
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bed^  and  promiies  great  saving  of  labour  in  the  process  of 
quarrying. 

Mr.  Be83emer  exhibited  a  valuable  apparatus  for  hold- 
ing large  glass  plates  during  the  operation  of  polishing 
them ;  it  consists  of  a  slate  table^  perforated  with  holes^ 
and  a  vacuum  being  formed  bdow  it,  the  glass  plate  is 
firmly  held  down  while  it  is  polidied. 

Centrifugal  machines  for  separating  water  from  dothes, 
or  molasses  from  sugar,  were  shown  by  many  parties,  both 
from  abroad  and  this  country,  but  few  of  them  call  for 
any  special  remark,  except  that  shown  by  Napier  and  Son, 
which  differs  from  the  others  in  having  a  continuous 
action  going  on  for  charging  and  discharging  sugar  or 
similar  materials,  instead  of  requiring  to  be  frequently 
stopped  for  that  purpose,  and  where  high  speeds  are  used, 
as  in  all  these  plans,  the  loss  of  power  in  getting  the 
speed  up  again  each  time  is  considerable. 

Sugar-crushing  mills  were  shown  by  several  countries, 
one  of  them  very  complete  and  powerful,  by  Robinson  and 
Russell,  but  are  all  on  much  the  same  plan  as  they  have 
been  for  years  past.  Sugar-refining  apparatus  obtained 
Council  medals  in  Prussia,  France,  and  England. 

It  is  somewhat  remarkable  that  no  specimen  of  wood 
saw-mill  was  found  in  the  Exhibition;  there  were,  how- 
ever, several  wood-planing  machines,  both  for  plain  and 
ornamental  work,  from  America,  France,  and  our  own 
country :  and  a  very  ingenious  and  simple  machine  for 
cutting  fret-work  was  shown  by  Messrs.  Frosser  and 
Hadley. 
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A  very  modcBt  little  wood  model  was  shown 
Qilbertson,  of  a  meanB  of  destroyiDg  ibe  efflai 
boiling  or  melting  tallow,  or  similar  oSeusive  sol 
by  enclosing  the  top  of  the  boiler  with  a  hood,  aod 
the  whole  of  the  air  necessary  for  the  combustic 
fire  to  pass  over  the  surface  of  the  tallow  ;  this  d 
effluvia  along  with  it  into  the  fire,  where  it  is  ef 
destroyed. 

The  soda-water  apparatus  shown  by  Mr.  Cox  ■ 
ingenious,  and  is  so  arranged  as  to  dispense  cntii 
the  force-pumps  required  on  the  old  plan. 

A  very  good  set  of  machines  for  the  oianaf 
chocolate  was  shown  by  Herman  Brothers,  of  Pi 
thcv  received  a  Council  medal  for  them. 
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Civil  Engineering  and  Architbctuke 

In  Civil  Engineering  generally,  such  as  bridj 
hours,  and  such  works,  there  was  not  so  rich  a  e 
as  might  have  been  expected ;  but  one  reason  is,  t 
are  seldom  illustrated  excepL.by  drawings,  which  ' 
admissible  according  to  the  decisions  come  to  by  tl 
Commissioners ;  but,  nevertheless,  this  class  may 
to  have  been  more  fully  represented  than  an 
inasmuch  as  in  it  was  included  the  great  triunip 
Exhibition — the  building  itself.  It  will  exercise 
important  influence  over  future  works,  both  as  sho' 
cheapness  and  capabilities  of  iron  and  glass,  and 
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very  rapid  progress  that  may  be  made  where  they  are  the 
materials  used.  There  never  was  any  instance  in  which 
cast-iron  has  been  used  with  so  much  boldness  and 
success,  for  of  the  many  thousand  pieces  employed,  not 
one  ever  failed  in  its  allotted  place. 

Among  the  few  contributions  to  this  class  are  two 
models,  of  remarkable  and  successful  boldness  of  design — 
Stephenson^s  tubular  bridge  over  the  Menai  Straits,  and 
Brunei's  iron  truss-bridge  over  the  Wye  at  Chepstow. 

The  beauty  of  the  workmanship  in  the  first-named 
model,  which  was  executed  by  Mr.  James,  is  something 
quite  unprecedented,  for  all  the  parts  are  made  to  scale  in 
the  most  minute  particulars.  The  suspension-bridge,  by 
Mr.  Vignoles,  over  the  Dnieper,  at  Kiefi',  in  Russia,  is 
represented  by  another  model  by  James,  equal,  if  not 
superior,  in  workmanship  to  the  other.  Mr.  Leather  sent 
some  very  good  models  of  his  bridges  made  by  Salter,  and 
a  good  model  of  Stephenson's  double  high-level  bridge  at 
Newcastle  was  sent  by  Hawkes  and  Co. 

Some  railway  drawbridges  were  contributed  from  Hol- 
land, and  are  excellent  of  their  kind ;  as  also  a  large  model 
^  of  a  suspension  truss-bridge  from  the  United  States,  by 
Mr.  Rider. 

Two  excellent  topographical  models  of  large  district^ 
of  country  were  shown,  one  by  Mr.  Carrington,  of  the 
neighbourhood  of  Manchester,  and  another  by  Captam 
Ibbetson,  of  the  Isle  of  Wight. 

A  most  interesting  model  was  sent  by  Mr.  Bremner^ 
showing  the  means  adopted  for  raising  the  Great  Britain 
steam-ship  when  stranded  on  the  coast  of  Ireland; 
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another   VBluable  plan   was  shown  by  him  for  liarbov 
building  in  deep  natcr  and  exposed  localities. 

Several  breakwaters  were  shown  in  model ;    amooi;' 
others,  that   at   Plymouth,  and   also   Smith's   ingnuo:: 
floatiug  breakwater. 

Wilkins'  floating-light  and  Chance's  lighthouse  ap[ 
ratus  were  good  specimens  of  the  excellence  attained  : 
this  branch  of  manufaeture. 

Two  or  three  sets  of  diving-dresses  were  shown,  but 
there  was  little  no\elty  in  them,  and  neither  Potts'  gjisteoi 
of  sinking  piles,  nor  the  atill  better  plan  now  in  usf  s' 
Rochester  ISridge,  were  shown  at  all. 

A  very  good  set  of  boring-toola  were  sent  by  Laue. 
Switzerland,  and  Messrs.  Mulot  contributed  a  set  of  kr.- 
and  complete  tools,  such  as  they  used  in  baring  the  r-.!' 
brated  Artesian  well  at  Crenelle. 

Ventilators  of  good  and  novel  sorts  were  shown  by  M 
Hurivood,  and  a  new  and  simple  revolving  window-sn-- 
which  offers  great  facilities  for  cleaning,  was    showo  '- 
Mr.  Bodley. 

The  collection  of  agricultural  instruments,  though  ;■ 
80  extensive  as  at  the  annual  agrieulturitl   meetings,  ^ 
very  choice,  and  would  require  a  whole  evening  ti>  - 
justice  to  it  on  some  future  occasion;  but  I  cannot  pl- 
over the  very  marked  improvement  made  of  lat«  in  :! 
portable  steam-engines  for  farmers'  use ;  and  this  staU  d    J 
thinga  is  one  of  all  others  that  is  speeially  due  to  rrptowl   1 
1            exhibitions,  and,  above  all,  to  repeated  trials  of  actnJ  1 
^^^^^^vork  by  independent  parties.     The  keenness  evinced  ^ 
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the  makers  to  excel  in  the  trials  is  even  more  marked  than 
their  desire  to  make  sales,  as  they  seem  quite  aware  that 
however  good  an  opinion  a  man  may  have  of  his  own 
works,  yet  the  estimate  of  nubiassed  Radges  is,  after  all, 
the  surest  test,  and  the  publication  of  actual  results 
enables  makers  and  the  public  to  know  the  exact  standard 
reached  in  different  years.  This  was  the  case  also  in  a 
more  marked  degree  when  the  duty  of  the  various  Comish 
engines  was  first  published  some  years  siDce,  for  even  a 
second-rate  maker  could  not  but  feel  himself  impelled  to 
improvement  when  seeing  others  regularly,  month  after 
month,  raising  more  water  by  a  bushel  of  coala  than  him- 
self. In  all  other  machines  it  is  the  same,  and  one  of  the 
most  valuable  lessons  derived  from  the  labours  of  the  Jury 
in  Class  V.  will  be  that  part  of  their  Report  which  shall 
tell  us  not  merely  the  comparative  merit  of  different 
exhibitors,  but  give  also  the  authentic  results  obtained,  in 
order  that  we  may  have  an  acknowledged  standard  as  a 
means  of  comparing  what  was  in  the  Exhibition  with  other 
plans  both  former  and  future. 


In  reviewiug  thus  rapidly  the  immense  quantity  of 
machinery  and  models  brought  before  us  at  the  Exhibition, 
it  is  quite  evident  that  many  valuable  contributions  have 
been  unnoticed,  but  the  object  of  these  lectures  is  not  so 
much  a  deBCriptioii  of  what  was  there,  as  of  the  probiible 
influence  that  the  Exhibition  will  hawL.WWBt  the  future 
state  of  things. 

Very  many  forcible  contrasts  h 
rival  exhibitors^  both  by  themselves  i 
and  there  are  few,  if  any,  even  of  ti 
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that  have  not  fouud  themselveB  outstripped  in  some  poiiit 
or  other,  and  learned  lessons  that  will  show  early  resnlt^. 
The  impulse  given  to  inachine-making  in  every  branch  is 
very  great ;  and  it  will  have  been  found  that  though  in 
this  country,  from  our  numerous  mechanical  publications, 
we  are  tolerably  well  acquainted  with  one  aoother'a  engi- 
neering doings,  yet  it  is  a  very  different  affair  as  to  our 
knowledge  of  what  other  nations  are  about.  This  may  be 
seen  in  the  reaping-machines,  now  first  heard  of;  in  the 
upsetting  all  previous  notions  of  the  security  of  our  locks ; 
in  the  lessons  taught  us  as  to  the  hulls  and  sails  of  our 
vessels,  and  in  the  su])eriority  evinced  in  the  manufacture 
of  steel  rollers  from  Prussia;  none  of  which  were  known 
to  U8  previously,  except  in  a  very  vague  manner. 

In  one  respect  I  think  there  has  been  a  great 
pointmcnt  to  all  parties,  in  not  finding  more  hidi 
mechanical  talent  brought  to  light  from  the  working 
classes  than  has  really  been  the  case;  and  although  it 
is  undoubtedly  true  that  some  of  them  held  back  from 
doubt  as  to  the  security  offered  in  the  shape  of  provisional 
registration,  yet  the  very  many  cases  in  which  advani 
has  been  taken  of  this  registration  do  not  show  ml 
apparent  value  of  invention. 

I  regret  very  much  that  the  proposal  of  Mr,  Web: 
to  retain  and  exhibit  in  one  place  all  the  articles  thus 
registered  was  not  carried  out,  as  we  should  have  been 
much  better  able  to  judge  truly  of  the  case  than  n( 
when  they  are  again  scattered  among  the  inventors. 

The  state  of  the  patent  laws  has  attracted  more 
tion  iu  consequence  of  the  Exhibition  than  it  would  oth< 
wise  have  done,  and  it  is  to  be  hoped  this  session  of  Pi 
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liament  will  see  all  the  glaring  abuses  swept  away,  and  the 
laws  placed  on  a  sound  footing;  and  in  any  ease  I  hope 
that  when  any  iotemacional  arrangements  as  to  copyright 
are  carried  out,  the  mutual  exchange  of  information  as  to 
the  patents  granted  in  each  country  may  be  made  part  of 
it :  for  a  great  deal  of  valuable  time  ia  lost,  both  in  this 
and  other  countries,  in  reproducing  plans  of  machinery 
previously  tried  elsewhere,  and  a  knowledge  of  which  ia 
only  to  be  obtained  by  an  enormous  expense  of  time  and 
moneyj  which  is  lost  both  to  the  inventor  and  hia  fellow- 
men.  Several  small  improvements  have  been  made  of  late, 
auch  as  causing  all  new  patents  to  be  enrolled  at  one  ofBce, 
but  those  fourteen  years  old  are  all  at  another :  at  this 
latter  the  permisaion  has  lately  beeu  given  to  make  any 
extracts  in  pencil  only,  but  at  the  former  office,  where  the 
new  patents  are  enrolled,  it  will  hardly  be  credited  that 
not  only  do  pencils  must  be  sceo,  but  even  a  printed  copy 
may  not  be  compared  with  the  enrolment. 

With  regard  to  the  question  of  industrial  acboola  now 
much  talked  of,  it  is  quite  evident  that  among  our  me- 
chanics there  is  often  a  very  great  want  of  sound  infor- 
mation, and  any  means  that  will  impart  this  to  them  will 
be  attended  with  great  good ;  hut  in  my  own  experience  I 
find  that  few  people  give  time  in  the  day  to  it,  and  among 
those  who  devote  the  evening  to  the  purpoaea  of  study, 
tecbuical  instruction  is  generally  neglected  by  them  for  the 
more  amusing  pursuits  of  literature.  This  will  be  found  i 
the  case  in  mechanics'  institutions  generally,  where  of  all 
places  we  might  expect  to  find  it  otherwise ;  and  in  the 
few  cases  where  mechanical  science  ia  studied  by  those 
engaged   in   engineering,   mechanical    publications   seem  i 
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more  in  demand  than  lectures.  Unlike  chemiBtiy  m^ 
laboratory,  or  design  in  its  schools,  useful  practice  caurt 
be  followed  out  except  on  so  large  a  scale  that  the  factory 
or  out-of-door  works  are  the  only  means  available ;  and  di 
recent  closing  of  the  Engineering  College  at  Putney,  whidi 
started  under  such  fair  auspices,  is  an  iustaocc  iu  pdit 
For  these  reasons,  iu  any  industrial  schools  that  wmj  hi 
established,  1  think  it  will  be  found  that  for  some  tiinett 
come,  so  far  as  engineering  is  concerned,  money  wiS  k 
better  laid  out  in  the  library  than  the  lecture-room ;  sJ 
indeed,  with  a  few  bright  exceptions,  we  ha?e  not  miif 
men  who  possess  both  the  will  and  the  power  to  k«pa 
audience  constantly  attentive  on  these  subjects. 

Since  the  foregoing  paragraph  was  written  the  lectora 
to  working  men  at  tbe  Museum  of  Economic  Geology  Inn 
begun,  Bud  admission  is  obtained  at  a  very  low  rate.  I  M 
itiforuied  that  they  are  very  fully  attended,  and  1  sinwid] 
hope  that  they  may  be  successful. 

In  conclusion,  I  must  not  omit  to  express  tbe  gnsl 
advantages  that  this  and  other  countries  have  receJml 
from  the  enlightened  views  taken  by  the  Prince,  via* 
name  has  been  such  a  tower  of  strength  to  the  Eshibitiia 
in  its  early  days,  when  many  lucked  on  it  with  coldnoi 
and  doubt;  and  it  ts  also  due  to  the  Society  I  hs^-f  •^•" 
tbe  honour  to  address  that  I  should  express  my  c 
tion,  as  one  hitherto  totally  unconnected  with  it,  ti:... 
its  ofBcers  and  members  the  earliest,  firmest,  uid  tnioi 
frieads  of  the  Great  Exhibition  have  been  found. 


At.  11,1^ 
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THE  ARTS  AND  MANUFACTURES  OF  INDIA. 


The  arts  and  manufactures  of  India,  as  brought  under 
our  notice  by  the  late  Exhibition,  form  a  subject  sufS- 
ciently  extensive  to  occupy  an  entire  course,  instead  of 
only  a  single  lecture.  For  the  arts  practised  in  India 
are  nearly  as  numerous  as  those  known  in  Europe  until 
within  the  last  few  years.  It  is  evident,  therefore,  that 
the  time  will  not  suffice  for  taking  more  than  a  glance  at 
some,  instead  of  a  minute  examination  of  any,  or  even  a 
general  view  of  the  whole.  This,  however,  is  the  less  to 
be  regretted,  as  we  are  still  without  the  details  necessary 
to  make  the  illustrations  of  these  arts  and  manufactures 
interesting  to  the  members  of  the  Society  of  Arts.  The 
individual,  moreover,  who  has  to  address  them  being 
himself  practically  unacquainted  with  the  working  of 
these  arts,  must  claim  the  indulgence  of  an  audience, 
which  includes  within  itself  many  of  the  masters  of  in- 
dustrial art,  especially  as  he  has  to  embrace  so  extensive 
a  subject  as  all  the  artft  v^       wahdtmes  of  a  great 
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country.  But  others  bave  h&d  an  equally  difficult  task 
in  weighing  the  results  of  the  ctliibition  of  the  producn 
of  all  countries,  each  in  his  own  department. 

The  opportunity  is,  however,  favourable  for  looking  it 
some  of  these  questions  in  a  general  point  of  view  aitd 
disencumbered  of  manufacturing  details, —  some  of  thra 
because  they  are  interesting  to  us,  others  because  tin 
may  be   bcuelieial   to    our   fellow-subjects   of   the  £•'■■ 
The  latter  appears   to   me  the   more   necessary,  for  - 
most  fiequently  hear  India  spokcu   of  as  a    farm  fi 
which  we  are  to  draw  our  supplies  of  raw  produce,  « : 
we  wuni  them,  or  aa  a  field  which  we  have  to  cover  v 
our  manufactures,  rather  than  as  an  estate  we  have  to  : 
prove,  and  on  the  inhabitants  of  which  we  are  to  «;i' 
the  I'ffecta  of  our  manufacturing  inundations.      Tberrf 
while  noticing  what  may  be  useful  to  us,  it  seems  it< 
desirable  to  observe  what  may  be  beneficial  to  them  ; 
freely  as  the  varied  products  of  their  soil,  and  thu  i 
results  of  their  manufacturing  skill,  have  been   displ.i 
the  distance  of  the  country,  as  well  as  the  habits  cl" 
people,  have  combined  to  prevent  the  presence  of  am 
their  skilled  artiznns  at  the  real  University  of  the  Ai- 
where  so  many  others  have  studied  in  the  session  of  IS-'' 
If  any  of  them  had  been  present,  they  would  have  t^ 
the  substantial  benefits  of  sending  raw  produce  in  n  i'I<. 
and  unadulterated  state  to  market,  and  might  bave  lea^' 
how  much  some  of  their  manufacturing  processes  mi^' 
be  abbreviated  by  the  addition  to,  and  niodifieation  li 
some  of  their  simple,  and  though  rude-looking,  yet 
cient  tools.      They  might,  at  the  same  time,  hai 
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served  that  all  innovation  is  not  necessarily  improvement, 
and  might  also  have  inferred,  that  though  they  had  much 
to  leam^  yet  that  they  themselves  had  something  to  teach, 
and  that  they  might,  without  retrograding  in  taste,  retain 
much  of  the  pleasing  results  of  their  ancient  civilization. 

While  treating,  therefore,  of  the  arts  of  an  anciently 
civilized  country,  it  is  hardly  possible  to  avoid  noticing 
their  antiquity.  Nor  is  it  desirable  to  do  so,  for  though 
some  may  conceive  that  the  literature  of  the  arts,  and 
their  probable  antiquity,  deserve  only  the  attention  of 
antiquarians,  I  am  of  opinion  that  it  is  detrimental  to 
the  arts  to  separate  them,  so  much  as  is  usually  the  case, 
both  from  literature  and  science.  It  is  owing  to  such 
neglect  that  we  have  so  little  information  respecting  the 
arts,  not  only  of  the  ancients,  but  of  many  modem 
nations.  For  those  who  are  qualified  to  write  are  usually 
unacquainted  with,  and  often  despise,  the  details  which  it 
is  necessary  to  describe ;  while  those  who  formerly  prac- 
tised the  mechanical  arts  seldom  took  the  trouble  to 
describe  what  they  alone  knew  how  to  make.  As  it  is 
still  common  with  us  all  to  depreciate  subjects  of  which 
we  are  ignorant,  and  to  over-estimate  those  which  we 
study,  so  it  is  not  unusual  for  the  practical  man  to  be 
wrapped  up  in  his  own  skill,  or  what  he  conceives  to  be 
his  own  original  discoveries;  and  though  many  of  these 
are  due  to  accident,  and  others  are  the  legitimate  results 
of  careful  thought,  he  seldom  inquires  what  others  have 
done  in  former  times,  or  are  doing  in  other  countries  even 
in  his  own  time.    It  would  iv*  '   "v,  that 

had  a  little  more  intereit 
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the  liistoiy  of  the  arts,  even  of  India,  many  so-eiDed  fr 
coveries  would  not  appear  to  bare  been  made  in  the 
tecnth  centnry;  but  we  might  yean  since  hire  Hatri 
irom  points  nhich  others  had  reached  ctcd  ages  bcfiiR- 

ContiniDg  ourselves,  however,  at  present  to  the  «rt»i 
India,  it  may  appear  incredible  that  we  should  hare 
mained  ignorant  till  now  of  the  existence  of  many 
these  arlE,  and  of  the  high  perfection  to  which  otlicn 
had  been  carried  among  our  fellow -subjects  of  the  Evt, 
whom  many  of  us  had  been  in  the  habit  of  considenar 
as  barbarians.  A  part  of  this  ignorance  may  be  sa&!t 
ascribed  to  the  limited  nature  of  English  edncation,  whk^ 
so  studiously  excludes  all  notice  of  the  arts  and  scicncci: 
and  a  part  to  the  indifference  which  the  pnblic  ban  f 
long  displayed  towards  Indian  subjects.  But  it  is  to  k 
hoped,  that  as  the  restoration  to  hgbt  of  the  palaces  of  tie 
ancient  Nineveh  has  revealed  the  long-for^tten  arts  U 
the  Assyrians,  so  may  the  recent  display  at  the  Gtnl 
Exhibition  direct  attention  to  the  living  arts  of  a  peoft 
probably  not  less  ancient,  and  who  are  at  least  aa  btt- 
leeting  in  whateier  point  we  new  them. 

Though  few  may  deny  altogether  the  antiquity  of  tic 
arts  in  India,  many  may  he  disposed  to  limit  this  •□■ 
tiquity  to  comparatively  recent  times.  It  is  desirable 
therefore,  to  get  some  idea  of  what  wc  mean  when  m 
talk  of  the  antiquity  of  these  arts.  But  this  is  a  task  of 
some  difficulty,  from  the  little  attention  which  the  Hb- 
doos  themselves  have  paid  to  the  canons  of  chronology. 

All  are  familiar  with  the  habit  of  some  aatbora  vl 
referring  everything  to  the  East,  and  of  the   now  ^o- 
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verbial  expression  of  " ex  oriente  lux"  But  these  tenns 
are  so  indefinite  that  we  are  at  a  loss  to  know  to  what 
nation  they  refer^  whether  to  the  Persians  or  to  the  Baby- 
lonians, to  the  ancient  Assyrians  or  to  the  still  more 
ancient  Egyptians.  For  all  these  were  early  civilized 
nations.  But  if  it  were  not  from  the  representations 
within  the  tombs  of  Egypt,  or  from  finding  a  few  speci- 
mens of  these  arts  in  the  disinterred  palaces  of  Assyria, 
or  on  the  sculptured  monuments  of  Persia,  we  should  be 
unable  to  judge,  and  unwilling  to  admit,  the  high  perfec- 
tion to  which  many  of  these  arts  had  attained  in  yery 
ancient  times.  So  in  the  case  of  China,  if  it  had  not 
been  for  the  researches  of  scholars,  we  should  have  dis- 
believed the  high  antiquity  in  that  country  of  the  manu- 
facture of  porcelain  and  of  paper,  a  knowledge  of  silk,  of 
gunpowder,  of  various  metaUurgical  compounds,  and  of 
the  mariner's  compass. 

But  in  all  these  countries  India  is  referred  to,  in  the 
earliest  times,  as  an  object  of  admiration  or  of  desire; 
and  though  we  may  disbelieve  in  the  conquest  of  any 
part  of  India  by  the  Egyptian  Sesostris,  or  the  Assyrian 
Ninus,  or  in  the  expedition  of  the  Indian  Bacchus,  yet 
the  very  prevalence  of  such  traditions  in  the  earliest 
times  of  which  we  have  any  record,  seems  to  prove  that 
the  country  was  famed  for  the  richness  of  its  products, 
and  for  the  early  civilization  of  its  inhabitants.  We 
know,  moreover,  that  Alexander  the  Great  found  them 
so  more  than  2000  years  ago,  and  we  find  them  now 
hardly  differing  from  what  his  historians  described  them 
to  be  in  his  time.    The  Chinese,  moreover^  derived  their 


CWjAm.  *«grthCT  with  ivory,  ebooy,  and  probably  «!:•■ 
«w4h  were  obtained;  perhaps,  tl»o,  indigo,  and  th- 
ywtyh  IWT)  dve,  mentioned  by  Ctesias,  as  »eU  as  ':" 
of  Arabia  and  Africa,  and  the  pearls  »aj 
ft  of  the  Persian  Golf.  AO  which  were  conveyed  l>J 
lit*  |:*«*t  rirct^  Euphrates  and  Tigris  to  Westt-rn  A* 
I  Kurope,  or  by  earavana  of  camels  across  Arabia  tl 
H|il.  Its  manufactures  were  famous  in  early  titnea,  for 
t  rwid  of  "  Babyloniau  carpets  and  tapestry,"  aud  ctiU 
cMha,  aR  famed  for  the  briihancy  and  variety  of  thoi 
kuos  :  aiid  as  early  as  the  time  of  Joshua,  among  the 
»poiti  of  Jericho,  of  a  "  goodly  Babylonish  gannent-" 

Ninc^eb,  long  accounted  the   rival   of  Sabylon,  vm 
(Iratroyrs)  by  the  Babylonians  and  Medes  as  early  m  I 
008,   more   than   a   century   before   the   earliest 
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Greek  historians.  The  Scythians  overran  the  country  for 
twenty-eight  years  previous,  so  that  the  latest  of  the 
sculptures  must  have  been  as  early  as  b.c.  634.  But 
from  the  deciphered  genealogies^  it  is  probable  that  the 
earliest  were  at  least  twelve  centuries  before  the  Christian 
era.  Mr.  Layard  has  shown^  that  in  their  arts  and  archi- 
tecture there  are  many  peculiarities  which  have  hitherto 
been  considered  as  of  undoubted  Greek  origin.  The 
people  carved  and  inscribed  not  only  soft  alabaster^  but 
hard  basalt;  and  though  they  used  copper  nails^  rings^ 
and  bands^  they  also  clamped  their  slabs  with  iron^  and 
prepared  a  variety  of  warlike  arms^  and  worked  in  gold. 
They  glazed  earth,  and  knew  how  to  make  glass  beads 
and  cylinders,  to  dye  cloths,  and  make  use  of  a  variety  of 
colours.  With  the  art  of  weaving  they  were  familiar,  and 
for  embroidered  works  they  must  have  been  famous ;  for 
their  flowing  robes,  richly  bordered  and  fringed,  as  well 
as  the  caparisons  of  their  horses,  display  great  skill. 
They  use4  umbrellas  on  state  occasions,  as  well  as  the 
oriental  chowree,  or  fly-flapper,  which  was  probably  made 
then  as  now  with  the  tail  of  the  yak  of  Tibet.  The  dogs 
of  that  country,  famed  for  their  size  and  fierceness,  were 
known,  and  seem  to  have  been  maintained  in  Babylon  at 
very  early  periods,  according  to  the  statements  of  Ctesias, 
as  well  as  of  Herodotus. 

Similar  observations  might  be  made  on  the  practice  of 
the  arts  by  the  ancient  Persians,  as  represented  in  the 
sculptures  at  Fersepolis.  But  here^  differing  from  both 
Egypt  and  Chaldea^  we  have  a  pee*^  ~~'^  the  de- 

scendants and  true  repreMT 
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piers  of  the  country.  And  Mr.  Conder  baa  well  ob- 
served :  "  In  Persia,  it  is  the  living  scene,  the  faded  yel 
still  imposing  pageantry,  the  varioua  tribes,  and  the  divn- 
sified  traits  of  character,  that  chiefly  occupy  attention,  and 
by  their  faithful  transcripts  of  the  former  ages  it  is  that 
the  imagination  is  transported  far  back  into  the  past" 
It  is  probable,  therefore,  that  they  formerly  practised 
many  of  the  arts  which  we  now  see  among  them.  Some 
parts  of  the  country  manufacture  coarse  china  and  glass ; 
others  are  noted  for  making  encaustic  tiles  of  various 
colours,  which  ornament  many  domes,  as  that  of  Imam 
Reza  at  Mushed.  Inkstands  and  small  boxes,  adorned 
with  birds  and  flowers,  are  made  at  Shiraz  and  Ispahan ; 
and  in  enamelling  they  particularly  eiccl.  The  stone- 
cutters and  seal-engravers,  &c.,  are  famous.  Silks  arc 
produced  at  various  places,  as  well  as  gold  and  silver 
brocades,  and  their  small  carpets  are  admired  for  the 
happy  arrangement  of  the  patterns  and  the  pleasing  har- 
mony of  the  various  and  brilliant  colours  which  they  em- 
ploy. The  sword-blades  of  Herat,  Mushed,  and  Sbirai, 
are  highly  esteemed,  but  are  all  made  with  steel  imported 
from  India ;  hence  "  jawabee  hind,"  "  au  Indian  answer," 
means  a  cut  with  an  Indian  aword,  or  one  made  with 
Indian  steel.  That  India  attracted  the  attention  of  the 
Persians  at  early  periods  is  evident  from  one  of  the 
reports  of  the  death  of  Cyrus  having  been  caused  by  the 
javelin  of  an  Indian  while  making  war  on  that  country. 
Darius  is  said  to  have  invaded  India,  and  that  some  of  its 
provinces  formed  the  twentieth  satrapy  of  his  empire ;  and 
it  WB«  in  his  siege  that  Scylax  is  said  to  have  proceeded 
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from  the  Indus^  by  sea,  along  the  barren  lands  of  Arabia^ 
up  the  Red  Sea  to  Egypt. 

Solomon^  VLgsin,  who  appears  to  haye  been  the  ruling 
power  of  his  age,  that  is,   1000  years   B.C.,  not  only 
traded  with  Tyre  and  Sidon,  but,  with  the  aid  of  the 
Phoenicians,  he  established  a  fleet  at  Elath  and  Ezion- 
geber,  at  the  head  of  the  eastern  gulf  of  the  Bed  Sea,  to 
go  to  Ophir  and  Tharshish.     For  we  learn,  that  "  the 
king's  (Solomon)  ships  went  to  Tharshish  with  the  ser- 
vants of  Hiram ;  every  three  years  once  came  the  ships  of 
Tharshish,  bringing  gold  and  silver,  ivory,  and  apes,  and 
peacocks.^'      Again,  '^  Jehoshaphat  made  ships  of  Thar- 
shish to  go  to  Ophir  for  gold,  but  they  went  not ;  for  the 
ships  were  broken   at  Eziongeber.''     From  Ophir  were 
obtained   "  gold,   algum,  or  almug  trees,   and   precious 
stones/'      In  my  "Essay  on  the  Antiquity  of  Hindoo 
Medicine,"  I  some  years  since  observed  :   "  From  these 
several    products,   especially   ivory,   apes,   peacocks,   and 
pearls,  it  is  evident  that  only  southern  countries — whe- 
ther Africa  or  India — could  have  been  the  object  of  the 
voyage.     But  cinnamon  and  cassia,  nard,  calamus,  and 
onycha,  having  been  shown  to  be  peculiarly  Indian  pro- 
ducts known  to  ancient  commerce,  there  can,  I  conceive, 
be  no  doubt  that  the  west  coast  of  India,  and  probably, 
also,  the  island  of  Ceylon,  were  reached  even  in  those 
early  times." — Essay,  p.  148. 

Egypt,  we  have  the  most  undoubted  proofs,  was  in 
a  highly  civilized  state  at  still  earlier  periods  than  any 
of  those  which  have  been  mentioned,  and  carried  many 
of  the  arts  to  a  high  degree  of  perfection  even  2000  years 
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B.C.     In  the  above  quoted  work,   in  pointing   out  li: 
resemblances  between  Bgypt  and  India,  I  also  obseni-'l 
"Thus  the  arts  practised  by  both  are  very  similar,  a 
only  in  nature,  but  also  in  many  of  the  processes  wlJ  : 
they  adopt,"  as  seen  in  "  the  representations  of  the  iL:- 
ferent  arts  as  practised  by  the  formtr   (the    Egyptiai^- 
figured  on   their  monuments."     And  again,    "  So  gr.-^- 
indeed,  is  this  resemblance,  that  it  is  hardly  exaggeratiju      I 
to  my,  that  they  might  be  introduced  into    a   book  «( 
modern  travels  as  representations  of  Hindoo  artizans."—     I 
Essay,  pp,  130-133. 

The  influence  which  the  state  of  the  aria  in  Pei-. 
and  Assyria  has  had  on  their  cultivation  by  the  Gru  ■. 
of  Asia  Minor  has  been  shown   by  Sir  C.  Fellows,  :>; 
by  Messrs.  Layurd  and  Fergusson.      If  we  inquire  mi 
the  arts  of  a  nation  still  farther  to  the  west,  we  nuj  J 
perceive    great   similarity   between    them    and    the    arb  I 
practised    in    cariy    times    in    Eastern    countries.     Tht 
Etruscans  were  well  acquainted  with  agriculture,  as  »" 
BB  other  arts,  and  were  the  civilizers  of  a  part  at  Iea>i 
Italy.     They  fortified   towns  by  surrounding    them  n. 
walls  and  towers.     They  knew  how  to  work  the  iron 
Elba.      They  could  cast   bronze  and  make    silver   v^.- 
and  gold  ornaments.     Thev  engraved  on  stone   and  pro- 
duced  sculptures,   and   are   supposed  by  some    to   htn 
invented  the  arch  at  a  very  remote  period. 

The  philosophical  Heeren  appears  to  me  to  have  jiutlf 
ascribed  the  flourishing  state  of  many  of  the  cities  J 
Egypt,  as  well  as  of  Babylon,  and  of  such  places  l» 
Palmyra  and  Petra,  to  the  trade  with  India.     Many  rf 
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the  products  which  formed  articles  of  commerce  were 
such  that  they  could  not  have  been  obtained  from  any 
nearer  locality.  Being  ourselves  situated  in  a  remote 
comer  of  Europe^  we  contemplate  the  difficulties  of  these 
journeyings  and  voyages  from  an  insular  point  of  view^ 
and  consider  how  we  could  have  undertaken  them  at 
those  early  times;  forgetting  that  the  people  of  Persia 
and  Affghanistan  would  have  found  no  great  difficulty  in 
crossing  into  India^  nor  the  Phoenicians  of  the  Persian 
Gulf  even  in  reaching  the  mouths  of  the  Indus.  The 
Arabs  of  the  Red  Sea^  even  before  the  discovery  of  the 
regularity  of  the  monsoons^  might  easily  have  coasted  to 
the  Persian  Gulf^  and  gone  as  far  as^  or  beyond  the  Phoe- 
nicians^ to  the  ancient  Barygaza^  and  been  carried  from 
thence  to  the  western  or  the  Malabar  coast  of  India, 
which  is  the  nearest  point  where  pepper,  cassia,  and 
such-like  spices,  could  have  been  obtained. 

There  is  nothing  impossible  in  these  ancient  wander- 
ings ;  in  fact,  we  know  that  they  must  have  taken  place  : 
for  the  philosophical  investigations  into  the  structure  of 
languages  have  shown  a  great  similarity  between  the 
Sanscrit,  Persian,  Greek,  Latin,  Teutonic,  and  Celtic 
languages,  which  are  now  usually  called  Indo-Germanic, 
but  of  late  Aryan  languages,  because  this  appears  to  be 
the  oldest  name  by  which  the  nations  speaking  these 
languages  called  themselves.  It  is  curious,  as  has  been 
observed,  that  the  Indo-European  languages  all  exhibit 
the  most  striking  coincidences  in  words  expressive  of  the 
first  peaceful  arts  of  mankind,  while  the  terms  connecter 
with  chase  or  war  are  mostly  peculiar. 
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Consequeatly  there  appears  to  me  nothing  iinprobabli 
in  the  people  of  India  having  been  as  early  ciriliied  u 
any  of  the  nations  I  have  mentioned.  The  phj-sin! 
features  of  the  country  are  such  as  to  have  favoumi 
early  civilization.  Pour  great  ranges  of  lununbuiu, 
capable  of  yielding  metallic  treasures,  guard  exten»ve 
plains,  which  are  themselves  intersected  by  magnificesl 
rivers.  By  these  fertility  is  tUffused,  and  commomcation 
carried  even  to  the  most  remote  parts  of  the  counti; 
These  rivers  flow,  moreover,  into  oceans  with  coaiti 
Gonnected  on  the  south  and  east  with  still  more  eastern 
countries,  and  on  the  west  wilh  gulfs  which  commaninU 
nearly  with  the  south  of  Europe,  or  receive  the  waten  a' 
the  western  parts  of  Asia, 

The  climate,  moreover,  is  such  as  to  favour  the  cuhuR 
of  the  soil  and  the  production  of  a  sufficient  abnnd;uir- 
of  food.  This  would  have  allowed  leisure  to  some  of  tL 
people  to  practise  useful  arts  and  to  pursue  a  Ecieu:i[: 
course  of  observation,  or  a  philosophical  train  of  thougLr 
Thus,  in  the  most  southern  parts,  there  being  two  nwi; 
seasons,  they  are  able  to  obtain  two  crops  aQnuaUy  ' 
tropical  products.  In  the  northern  parts,  daring  ilii 
rainy  season,  they  cultivate  rice,  sugar,  and  cotton  ;  win 
in  the  cold  weather,  or  winter  months,  they  prodii'-. 
wheat  and  barley ;  and  in  both  seasons  a  variety  ■■< 
pulses.  The  country  also  affords  pasturage  for  sheep,  aini 
grazing  for  cattle.  Thus  they  had  cereals  and  pulses,  w 
well  as  milk  and  butter,  for  food;  and  though  not  ak 
staining  entirely  from  animal  food,  they  had  on  abtuidi 
of  a  sufGcicutly  mixed  diet.     And  though  they  seem  i 
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to  have  early  learned  to  distil  spirits^  they  seem  to  me  only 
to  want  some  beverage^  such  as  coffee  or  tea^  which  would 
afford  a  moderate  yet  refreshing  stimulant.  This  the 
present  culture  of  those  two  useful  products  in  their  own 
country  will  afford  them. 

Though  the  climate  is  such  that  calicos  and  muslins 
are  sufficient  clothing  for  some  parts  of  the  year^  the 
calico  requires  to  be  padded  with  cotton  at  others^  and 
thieir  wools  to  be  converted  into  blankets. 

Facility  of  obtaining  food  and  clothing  having  afforded 
leisure^  the  Hindoos  early  took  advantage  of  it  for  fol- 
lowing other  pursuits;  and  though  I  have  no  intention 
of  treating  of  their  agriculture^  they  seem  early  to  have 
ascertained  the  advantages  of  a  rotation  of  crops^  and 
likewise  of  drill-husbandry^  for  Theophrastus  mentions 
their  cotton  being  planted  in  lines.  Their  drills  are 
simple  and  cheap^  sometimes  convertible  into  harrows  by 
removing  the  bamboos  fixed  into  holes  behind  the  teeth 
of  the  harrow. 

That  they  did  not  confine  themselves  to  this^  or 
indeed  to  any  one  subject^  we  have  the  proofs  in  the 
variety  of  writings  which  we  have  upon  all  subjects^ — 
some  them  still  locked  up  in  the  original  Sanscrit^  but^ 
unfortunately,  all  of  somewhat  doubtful  chronology. 

The  Hymns  of  the  Vedas  are  considered  to  have  been 
composed  at  least  1200  or  1300  years  B.C., — by  Mr. 
Colebrooke,  in  the  fourteenth  century  B.C.  In  the  Rig 
Veda,  which  has  been  lately  translated  by  Professor  Wil- 
souj  he  observes  of  these  hymns,  that  they  are  composed 
in  a  great  variety  of  metres ;  and  of  the  Hindoos  he  saysj 
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"At  this  period  a  pastoral  people  they  might  hare  I 
to  some  extent;  but  they  were  also,  and,  perlup8,f 
still  greater  degree,  an  agricultural  people, 
by  their  supplications  for  abundant  rain,  and  turn 
fertility  of  the  earth,  and  by  the  mention  of  agriciJ 
products,  particularly  barley"  (p.  57).  "They  i 
manufacturing  people;  for  the  art  of  weaving,  the  Ii 
of  the  carpenter,  ani  the  fabrication  of  golden  and  c 
mail,  are  alluded  to;  and,  what  is  more  remarkable^l 
were  a  maritime  and  mercantile  people."  —  Hij/  { 
Sanhita.*     Transited  hff  H.  H.  fFi/son. 

Tiic  Institutes  of  Manu  are  considered  to  date  j 
800  B.C.,  aod   the   great  Sanscrit  epics  from  the  i 
mencement  of  our   era.     These    have    been    foUowi 
works   on   grammar,   logic,   and    philosophy.       Of  I 
systems  of  philosophy.   Sir  W.  Jones   said : 

•  As  the  religion  nt  the  Rig  Vada  diflars  S'j  miich  from  wli«t  9 
prevBl<^De  in  Tndto,  I  h&ve  heard  it  staled  an  prabstite  tbal  th< 
went  not  vrittco  in  India-     Bui,  looking  to  the  inlemkl  eridt 
aatural  historj'  subjects  wliich  are  alluded  la.  1  can  a 
tlkia  objection.    Withoat  aUuding  to  Ihe  elephant  supuosad  to  bi 
tioned  at  p,  m  ;  porpoises,  p.  912,  ore  likely  to  have  b««ii  uaffl 
the  Ganges  or  ludus ;  and  tlte  spotted  deer,  pp.  1(16,  1 10,  i 
of  iDdia.    Bamboos,  p.  -H,  and  the  JCuta  gnus  {Poa  Cgimtn 
strictly  Indian  pliuits.    But  the  Sunn  plant,  wlijch  with  i 
ao  frequent!}'  meationed  {vide  p.  3,  Ac),  is  so  pwuliar  ia 
ita  round,  bidiioUi,  twining,  teaflusit  stainH  Bnd  i^ruicltes  filled  J 
mild  nliolosoma  acid  juite,  that  it  is  almost  enoagh  of  i'selfui  I. 
oountiy  ot  many  of  the  hymns.    It  vas  called  Au^lepiat  ^rUa  ■ 
Boxburgfa ;  but  now  a  genus,  Sarcotlcmma,  has  been  formed,  c 
three  or  four  apecies,  which  are  all  aimilar  in  habit.    It  is 
those  planla  are  not  met  with  in  the  GaO'jetie  \a3iey,  but  ifaej  attM 

on  the  dry  Coromandul  coaai.     The  epeeies  dea«ribed  by  JJr.  Boabi 

b  Ibtmd  ia  hedges,  but  is  by  no  means  common  there.      But  hi  Oa    I 
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live  among  the  professors  of  those  philosophical  tenets^ 
which  the  Ionic  and  Attic  writers  illustrated  with  all  the 
beauties  of  their  melodious  language/'  "  The  six  philo- 
sophical schools^  whose  principles  are  explained  in  the 
Dersana  Sastra,  comprise  all  the  metaphysics  of  the  old 
Academy,  the  Stoa,  the  Lyceum;  nor  is  it  possible  to 
read  the  Vedanta^  or  the  many  compositions  in  illustra- 
tion of  it,  without  believing  that  Pythagoras  and  Plato 
derived  their  sublime  theories  from  the  same  fountain 
with  the  sages  oMndia/' 

Id  the  mathematical  sciences^  the  Hindoos  were  ac- 
quainted with  the  decimal  notation  by  nine  digits  and 
zero.  In  algebra,  Mr.  Colebrooke  found  reason  to  con- 
clude that  the  Greeks  were  far  behind  the  Hindoos.  In 
geometry  they  were  acquainted  with  the  proposition  that 
the  square  on  the  hypothenuse  of  the  right-angled 
triangle  is  equal  to  the  squares  of  the  sides  contaiuing 

western  states  of  India  it  is  stated  to  be  found  on  Ferim  island,  on 
the  rocky  hills  about  Loonee,  on  the  barren  parts  of  plains  between 
Dowlatabad  and  the  Godavery,  and  throughout  the  Deccan.  A  similar 
species  is  found  in  Arabia.  Hence  it  would  appear  that,  if  the  Brahmins 
made  use  of  this  plant,  they  must  have  done  so  on  the  western  side  of 
India,  that  is,  in  the  countries  now  forming  the  Bombay  Presidency, 
and  this  would  account  for  the  early  Hindoos  having  been  acquainted 
with  the  sea.  It  must  have  been  from  this  side  that  the  spices  of  the 
East  first  reached  Egypt,  and  it  is  on  this  side  that  8l11  the  great  Cave 
temples  are  situated,  and  some  of  these  may  have  been  early  Brah- 
minical,  and  not  all  Buddhistical.  It  has  further  been  inferred,  and 
apparently  with  good  reason,  that  the  Phoke  plant  met  with  by  Mr.  El- 
pliinstone  all  across  the  desert  in  his  route  from  Delhi  to  Bahawulpoor, 
and  again  after  leaving  Mooltan,  is  the  same  sacred  plant  Mr.  Griffith 
met  with  it  in  abimdance  between  Dadur  and  the  Bolan  Pass,  but  be 
mentions  it  imder  one  of  its  old  names,  that  of  Apocynum  viminaie. 
The  Hindoos  must  have  come  through  the  Puigab. 

N  N 
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medium  of  the  Arabs^  or  |rom  the*  Greek  government  of 
the  successors  of  Alexander  in  the  north-western  frontiers 
of  India.  But  the  philosophers  of  Greece  travelled  to 
far  Eastern  countries  at  still  earlier  periods^  in  search  of 
information  from  the  sages  of  the  East ;  and^  as  I  have 
already  observed  in  the  above  Essay^  though  ideas  may 
travel  from  north  to  souths  and  from  west  to  east^  yet 
tropical  products  can  only  travel  in  our  hemisphere  from 
south  to  norths  and  I  think  we  may  infer  that  in  ancient 
times  they  could  only  have  been  conveyed  from  east  to 
west.  It  is  not  surprising^  therefore^  that  the  arts  should 
have  originated  or  been  carried  to  a  considerable  degree 
of  perfection^  even  in  ancient  times,  among  such  a  people, 
provided  that  they  had  the  raw  materials  of  different 
kinds  to  work  upon.  That  these  are,  and  must  always 
have  been,  abundant  in  their  country,  is  evident  from 
the  extensive  collection  of  them  which  was  sent  to  the 
Exhibition  suited  for  all  the  different  arts  and  manu- 
factures. Some  of  these  must  have  given  them  faciUties 
for  practising  some  of  the  arts ;  for  instance,  the  hollow 
bamboo  enabled  them  to  construct  the  drill-plough,  fun- 
nels, and  blow-pipes ;  the  shell  of  the  cocoa-nut  and  of 
gourds,  ladles,  and  vessels  to  hold  fluids;  the  palmyra 
leaf,  materials  for  mats,  fans,  and  thatching. 

The  arts  and  sciences,  as  known  to  the  Hindoos,  were 
reckoned,  according  to  Abul  Fuzl,  to  be  about  three  hun- 
dred in  number.  Upon  this  Sir  W.  Jones  observes,  that 
as  the  sciences  are  comparatively  few,  we  may  conclude 
that  they  anciently  practised  as  many  useful  arts  as  our- 
selves.    The  Silpi  Sastra,  however,  which  is  a  Sanscrit  col- 
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lection  of  treatises  on  arts  and  manufactures,  is  said  t 
onunierate  only  sixty-four ;  but  if  these  are  the  les 
arts,  tbey  must  each  embrace  a  cumber  of  aubordinal 

divixioDs. 

That  many  of  these  arts  have  long  been  practised  « 
have  a  variety  of  proofs,  as  in  their  rock-cut  temple*  a 
in  the  dresses  and  ornaments  of  their  idols,  and  also  tl 
some  of  them  have  been  recognised,  and  even  suppoi 
by  being  counected  with  the  village  system  of  the  Hin 
doos.  This  seems  to  he  proved  by  some  very  interestii 
documents,  to  which  attention  has  been  called  by  Cohnu 
Sykes,  that  is,  to  the  characteristic  signatures  of  differeil 
witnesses  to  leases  and  agreements  about  laud.  Thus, 
they  were  unable  to  write,  in  place  of  our  universs]  ; 
each  draws  the  symbol  of  his  occupation :  a  ploagrh  hy 
cultivator,  a  gimlet  by  the  carpenter,  a  pair  of  pincers  h 
the  iron-smith,  the  shopkeeper  a  pair  of  scales,  while  tl 
banker  signs  with  the  delicate  bmikcrs'  scales,  though  i 
is  probable  he  could  also  write,  for  we  tlud  even  thoi 
classes  who  can  usually  write  signing  in  the  same  way 
for  instance,  the  priest  with  a  rosary  of  beads,  and  1 
village  astrologer  with  an  almanac.  These  probably  U 
symbols  that  might  he  intelligible  to  the  others  who  con] 
not  write. 

Indeed,  it  appears  to  me  that  it  has  been  owing  in  i 
great  measure  to  the  municipal  institutions,  that  is,  to  thi 
village  system  of  the  Hindoos,  that  we  are  to  ascribe  thfl 
permanence  of  the  arts  in  India;  for  so  often  as  thp  s 
of  conquest  has  swept  over  the  plains  of  India,  we  yet  » 
the  arts  continuing  to  flourish  in  the  very  places  where. 
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they  had  attained  their  pristine  excellence.  Something  of 
this  is  no  doubt  due  to  the  system  of  castes^  but  also  to 
the  Hindoos  bending  like  willows  to  the  storm^  and  to 
their  returning  to  the  village  lands,  in  w&ich  so  many 
have  a  share,  when  it  has  passed  over.  These,  of  course, 
drew  to  them  many  of  those  trades  which  depended  upon 
them  for  support. 

In  proceeding  to  make  observations  on  the  arts  and 
manufactures  of  India,  as  shown  at  the  Exhibition,  it  is,  in 
the  first  place,  necessary  to  inquire  whether  the  specimens 
exhibited  were  the  ordinary  products  of  the  country,  or 
were  specially  prepared  for  the  Exhibition.  From  the 
shortness  of  the  time  between  the  announcement  and  the 
opening  of  the  late  Exhibition, — for  the  time,  for  so  dis- 
tant a  country  as  India,  was  very  short, — few  things 
could  be  prepared  with  the  care  that  might  have  been 
bestowed  if  more  time  had  been  allowed :  and  yet  very 
little  time  was  lost.  Our  illustrious  President  having 
finally  determined  on  the  nature  and  objects  to  be  em- 
braced within  the  proposed  Exhibition,  in  the  middle  of 
July  1849,  the  Court  of  Directors  of  the  East  India  Coni- 
pany  were  among  the  first,  if  not  the  very  first,  of  the 
public  bodies  of  this  country  who  determined  to  support 
the  undertaking,  as  they  did  this  in  August  1849.  I  was 
directed  to  prepare  a  list  of  the  things  procurable  in  India, 
which  were  suitable  to  the  Exhibition.  This  was  done  in 
conformity  to  the  comprehensive  views  whidi  k*^ 
promulgated.  Lithographed  copies  of  the  III 
been  prepared  were  sent  out  by  the  mail  < 
January,  1850,  and  were  issued  from  thl 
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House  at  Calcutta  on  the  22d  of  February,  that  is,  tlte 
day  after  the  "  Classified  Lists  of  Objects  which  may  bt 
admitted  into  the  Exhibition"  were  promulgated  from  fe 
Palace  of  Westminster. 

As  the  arrangement  of  the  arts  ia  the  jurors'  lists  sod 
catalogues  of  the  Great  Exhibition,  though  productive  of 
great  convenience,  is  not  so  well  suiteil  for  genera)  ob- 
servations, in  consequence  of  some  which  are  cloEcty  kUitd 
to  each  other  in  their  acientitic  principles  being  Bcpanltd 
from  each  other,  I  propose  treating  of  the  arts  and  manu- 
factures of  India  under  the  heads  of — 1.  Chemical  Am 
3.  Textile  Artaj  3.  Manual  and  Mechanical  Arts;  1 
Fine  Arts. 

1.  Cdemical  Akts. 

The  arts  which  are  strictly  chemical  may  be  WXpi 
to  have  originated  only  in  a  country  where  the 
chemistry  had  made  some  advance,  bat  the  Him 
not  usually  supposed  to  have  paid  any  attention  1 
subject.     The  Egyptians  are  thought  to  have  pni 
and  the  Arabs  are  ackuowlcdged  to  have  been  t 
who  wrote   on    the   subject ;    but  their  earliest  i 
Gcber,  acknowledges  that  he  had  only  abridged  tH 
formation  to  be  found  in  the  books  of  ancient  phi 
phera.     That  the  Hindoos  were  among  these,   1   have  fr 
tempted  ti  prove  in  a  separate  work,*  where  I  have  si 
the  probability  of  the  Arabs  having  obtained  nnuch  t4  d 
information  from  Sanscrit  works,  still  in  existences 
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Chemistry^  it  has  been  inferred/must  have  originated 
in  alchemy ;  but  it  appears  to  me  that  it  must  have  ori- 
ginated wherever  the  arts  began  to  be  practised  :  for  in 
seeing  the  wonderful  changes  which  take  place  during  the 
action  of  heat^  and  some  of  the  most  common  re-ageuts^ 
people  may  easily  have  been  led  to  believe  even  in  the 
transmutation  of  metals. 

We  know  from  a  variety  of  sources,  that  the  Hindoos 
have  long  been  acquainted  with  many  chemical  substances, 
as  well  as  that  they  have  practised  many  chemical  arts. 
The  ordinary  metals,  including  tin,  they  have  long  known, 
and  have  prepared  the  oxides  of  iron,  lead,  tin,  and  zinc. 
The  ashes  of  plants  in  a  country  of  wood  fires,  led  them  to 
the  discovery  of  potash.  Soda  is  found  effloresced  on  the 
soil,  as  well  as  crystallized  on  the  margins  of  some  of  their 
lakes.  The  Arabic  name,  soffimen,  indeed,  seems  to  be 
derived  from  the  Hindoo  sajunoon,  that  is,  sajji,  or  soda- 
salt.  Nitre  must  have  been  produced  then,  as  now,  in 
their  soil,  and  borax  imported  from  Tibet,  while  sal- 
ammouiac  must  have  been  produced  ever  since  they  made 
bricks,  as  they  now  do.  Alum  they  obtain  by  throwing 
potash  on  alum  slate,  which  has  been  some  time  exposed 
to  the  air.  Among  the  salts  of  the  metals,  we  find  the 
sulphates  of  copper,  of  zinc,  and  of  iron,  the  acetates  of 
copper  and  of  iron,  and  the  carbonates  of  lead  and  of  iron. 
They  seem,  also,  to  have  been  long  acquainted  with  the 
three  mineral  acids,  for  making  which  they  have  peculiar 
formulae,  while  their  lemons  and  limes  gave  th^ 
and  the  gram-plant  {Cicer  arietinum)  the  Odd 

It  is  evident,  therefore,  that  the  Hind 
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many  chemical  substances,  and  that  they  pre[iared  othm 
hence  we  might  infer  that  they  may  have  practjiicd  stj * 
of  the  chemical  arts,  as,  indeed,  we  know  they  must  hi. 
done  from  other  sourcua.  But  thia  would  equally  pnn 
that  they  must  have  possessed  various  chemical  substamn 
whcDceaoevcr  obtained. 

Pharmaceutical  Products. —  In  the  present  state  offl 
chemical  arts,  advanced  as  they  have  been  by  the  cultn 
tion  of  the  science  in  Europe,  it  was  not  to  be  expected 
that  such  products  as  are  obtained  by  the  natives  of  Indit. 
by  their  original  and  primitive  processes,  could  be  sent  i 
the  Exhibition  with  any  hope  of  attractiog  allenii'i 
Few,  therefore,  have  been  sent  from  the  bazaars  of  Icii  ; 
except  aa  curiosities.  But  there  are  others,  prepured  tiudi. 
European  superintendence  for  the  use  of  the  public  ki 
vice,  wbicli  are  excellent  in  quality;  and  I  know  not  *i- 
India  might  not  under  such  superintendence  prepare  ttm 
that  might  become  articles  of  commerce  :  such,  for  n. 
stance,  as  benzoic  and  citric  acids,  the  salts  of  inorpliu. 
narcotine  as  an  efficient  substitute  for  quinine  in  a  nutnix: 
of  eases ;  with  some  extracts  and  tinctures  of  substancn 
which  lose  their  effect  by  transmission  and  the  influeott 
of  physical  agents. 

The  sulphate  of  magnesia  is  interesting  as  prepaffd 
from  magnesite,  or  the  natural  carbonate  of  magnesia  d 
the  Peninsula. 

Metallttrgy.  —  Though  it  is  difficult  to  understand  hw 
a  primitive  people  could  have  overcome  the  difficulties  of 
smelting  iron  and  of  forging  steel,  yet  as  we  know  froms 
variety  of  sources   that   the   Hindoos   have  long  knomi 


THE  ARTS  AND  MANVPACTVBES  OF  INDIA.  465 

both,  they  must  have  overcome  the  difficulties  which  have 
stopped  others.  But  it  is  hardly  less  wonderful  to  see  a 
native  with  no  other  tools  than  his  hatchet  and  his  hands 
proceed  to  smelt  iron,  which  he  will  convert  into  steel 
capable  of  competing  with  the  best  prepared  in  Europe. 
For  this  the  prevalence  of  the  black  oxide  of  iron,  in  the 
state  of  iron  sand,  and  the  common  use  of  charcoal  as  a 
fuel,  give  him  some  facilities,  while  he  prepares  a  furnace 
with  clay,  and  makes  bellows  with  the  leaves  of  the  forest. 
[Of  this  last,  a  specimen  was  shown  from  the  hills  of 
Mirzapore.] 

Iron  and  steel,  though  not  known  in  the  earliest  pe- 
riods of  the  history  of  some  of  the  civilized  nations  of 
antiquity,  have  yet  been  known  from  very  early  periods. 
Iron  is  mentioned  as  being  applied  to  a  variety  of  pur- 
poses in  the  earliest  chapters  of  the  Bible.  But  as  it  is 
too  soft  to  be  used  for  all  the  purposes  stated,  it  has  been 
justly  inferred  that  they  must  have  known  of  modes  of 
hardening  it,  and  reference  is  made  to  that  kind  which  is 
called  "northern  iron.^'  But  as  the  term  of  " northern^' 
is  also  applied  to  the  roads  of  commerce  and  of  conquest 
from  the  East,  because  these  entered  Judsea  by  the  north, 
that  is,  by  way  of  Damascus  and  Syria,  so  Mr.  Aikin 
looks  to  the  countries  east  of  Babylonia  as  those  where 
this  hard  iron  or  steel  was  produced ;  and  this  is  confirmed 
by  the  passage  in  Ezekiel,  where  Dan  and  Javan  are  de- 
scribed as  bringing  "  bright  iron,  cassia,  and  calamus,'' 
which  are  all  Indian  products,  to  Tyre. 

The  Hebrew  name  of  steel,  paldah,  is  evidently  the 
same  word  as  the  Arabic  foulad,  which  is  also  in  n*^ 
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in  Persia,  where  Indian  steel  is  Icnown  by  tbe  name  <d 
foulad-i-hmi.  Even  now  tbe  best  Persian  swords  are 
made  with  steel  imported  from  India,  and  Mr.  Wilkinson 
has  ascribed  the  mftrkings  on  the  famed  Damascus  blades 
to  their  having  been  made  with  Indian  steel,  whicb 
lung  formed  an  article  of  trade  from  Bombay  to 
Persian  Gulf. 

Mr.  Heath,  at  one  time  the  managing  director 
the  India  Iron  and  Steel  Company,  and  whose  steel  ob- 
tained a  prize  at  the  Exhibition,  even  says,  "  We  cui 
hardly  doubt,  that  the  tools  with  which  the  Egyptians 
covered  their  obeliska  and  temples  of  porphyry  and  syenite 
with  hieroglyphics,  were  made  of  Indian  steel."  There  is 
no  doubt,  that  the  ancient  Indian  temples  and  fortresses 
were  carved  with  steel  instruments,  as  they  are  at  tbe 
present  day.  That  they  made  steel  which  was  highly 
valued  in  the  time  of  .ilewnder  the  Great,  is  eiident  from 
PoruB  making  him  a  present  of  about  thirty  pounds  of 
steel;  and  atill  earlier,  in  the  Rig  Veda,  we  read  of  chariots 
armed  with  iron  weapons,  of  coats-of-mail,  arms  and  tools 
of  different  kinds,  and  of  bright-edged  hatchets. 

Various  deseriptions  of  the  manufacture  of  iron  and 
steel  have  been  given  by  observers  in  different  parts  of 
India ;  all  of  which  bear  a  considerable  resemblance  to 
each  other.  Some  of  these  Mr.  Aikin  carefully  noticed 
when  he  lectured  on  this  subject  in  this  very  place; 
but  Mr.  Heath  has,  I  think,  given  the  best  explanation 
of  the  Indian  processes. 

Mr.  Heath  describes  the  ore  used  as  the  magnetic 
oxide  of  iron,  consisting  of  seventy-two  per  cent  of  iron 
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with  twenty-eight  of  oxygen,  combined  with  quartz,  in  jthe 
proportion  of  fifty-two  of  oxide  to  forty-eight  of  quartz. 
It  is  prepared  by  stamping,  and  then  separating  the  quartz 
by  washing  or  winnowing.     The  furnace  is  built  of  clay 
alone,  from  three  to  five  feet  high,  and  pear-shaped ;  the 
bellows  is  formed  of  two  goat-skins,  with  a  bamboo  nozzle, 
ending  in  a  clay  pipe.     The  fuel  is  charcoal,  upon  which 
the  ore  is  laid,  without  flux ;  the  bellows  are  plied  for  four 
hours,  when  the  ore  will  be  found  to  be  reduced :  it  is 
taken  out,  and  while  yet  red-hot,  it  is  cut  through  with 
a  hatchet,  and  sold  to  the  blacksmiths,  who  forge  it  into 
bars  and  convert  it  into  steel.     In  an  old  account  which  I 
possess,  written  on  the   spot,  apparently  in  Mysore,   it 
is  said,  that  one  pound  and  a  half  of  iron  is  heated  lower 
than  red  heat,  and  then  beaten  for  about  three  minutes 
with  a  stone  hammer  on  a  stone  anvil.     Experience  having 
taught  them,  they  say,  that  instruments  of  iron  ruin  the 
process.     Mr.  Heath  says  the  iron  is  forged  by  repeated 
hammering,  until  it  forms  an  apparently  unpromising  bar 
of  iron,  from  which  an  English  manufacturer  of  steel  would 
turn  with  contempt,  but  which  the  Hindoo  converts  into 
cast  steel  of  the  very  best  quality.    To  effect  this  he  cuts 
it  into  small  pieces,  of  which  he  puts   a  pound,   more 
or  less,  into  a  crucible,  with  dried  wood  of  the  Cassia 
auriculata,  and  a  few  green  leaves  of  Asclepias  gigantea ; 
or,  where  that  is  not  to  be  had,  of  the  Convolvulus  lau- 
rifolia.     The  object   of  this  is  to  furnish  carbon  to  the 
iron. 

As  soon  as  the  clay  used  to  stop  the  nuK 
the  crucibles  is  dry,  they  are  built  up  in  the  i 
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an  arch  in  a  small  furnace,  charcoal  U  heaped  over  tfaem, 
and  the  blast  kept  up  without  intermission  for  about  t«o 
hours  and  a  half^  when  it  is  stopped,  and  tlie  process  cod- 
sidered  complete.  The  furnace  contains  fr<jin  twenlj 
to  twenty-four  crucibles.  TUe  crucibles  are  next  removed 
from  the  furnace  and  allowed  to  cool ;  they  are  then 
broken,  and  the  steel  taken  out.  The  crucibles  are 
formed  of  a  red  loam,  which  is  very  refractory, 
with  a  large  quantity  of  charred  husk  of  rice. 

Mr.  Ileitth,  after  observing  on  the  astonishing  fsC 
the  Hindoos  having  discovered  the  way  of  making  ate 
such  early  periods,  refers  to  Mr.  Mushet's  discover 
converting  iron  into  cast  steel  by  fus 
vessel,  in  cuntset  with  any  substance  yielding  cufhi 
ceous  matter,  and  then  to  that  of  Mr.  Mackiatoeh,<| 
converting  iron  into  steel,  by  exposing  it  to  the  action 
of  carburelted  hydrogen  gas  in  a  close  vessel  at  a  very 
high  tempeiatnre,  by  which  means  the  process  of  con- 
version  is  completed  in  a  few  hours;  while  by  t 
method  it  was  the  work  of  from  fourteen  to  twenty  i 
Mr.  H.  observes : — 

"  Now,  it  appears  to  me  that  the  Indian  process  t 
bines  the  principles  of  both  the  above  dcseiibed  met 
on  elevating  the  temperature  of  the  crucible  containing 
pure  iron  and  dry  wood,  and  green  leaves,  an  abundant 
evolution  of  carburetted  hydrogen  gaa  would  take  place 
from  the  vegetable  matter,  and  as  its  escape  would  be  pre- 
vented by  the  luting  at  the  mouth  olthe  crucible,  it  would 
be  retained  in  contact  with  the  iron,  which  at  a  high  tei 
perature  appears  from  Mr.  Mackintosh's  process  to  hart 
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much  greater  affinity  for  gaseous  than  for  concrete  carbon : 
this  would  greatly  shorten  the  operation^  and  probably  at 
a  much  lower  temperature  than  even  the  iron  in  contact 
with  charcoal  powder.  In  no  other  way  can  I  account  for 
the  fact  that  iron  is  converted  into  cast  steel  by  the  natives 
of  India  in  two  hours  and  a  half^  with  an  application 
of  heat  that  in  this  country  would  be  considered  quite 
inadequate  to  produce  such  an  effect ;  while  at  Sheffield  it 
requires  at  least  four  hours  to  melt  blistered  steel  in  wind 
furnaces  of  the  best  construction^  although  the  crucibles  in 
which  the  steel  is  melted  are  at  a  white  heat  when  the 
metal  is  put  into  them^  and  in  the  Indian  process  the 
crucibles  are  put  into  the  furnace  quite  cold.^^ 

By  such  simple  methods  the  Hindoo  prepared  steely 
which  has  long  formed  an  article  of  commerce  from 
the  west  of  India  to  the  Persian  Gulf,  and  there  is  every 
probability  of  its  being  used  in  larger  quantities  if  it  were 
easily  procurable  in  sufficient  quantities,  as  manufacturers 
here  have  expressed  a  desire  to  employ  it.  In  the  arms 
which  we  have  had  exhibited,  as  well  as  in  the  edges  and 
points  of  the  tools,  we  see  its  admirable  fitness  for  the 
fabrication  of  all  cutting  instruments. 

Among  the  Arms  we  have  a  display  of  such  as  would 
appear  to  belong  to  different  ages  of  the  world,  but  which 
are  all  actually  in  use  in  India  at  the  present  day ;  such  as 
chain  and  scale  armour,  both  for  man  and  horse,  helmets 
and  shields,  spears,  battle-axes,  bows  and  arrows,  with 
daggers  in  every  variety.  Some  of  these  display  in  a 
remarkable  manner  their  skill  as  cutlers ;  as,  for  instance, 
the  sword  formed  of  two  blades,  and  another  in  which 
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pearls  are  let  into  the  centre  of  its  blade ;  tmd  stU]  man  io 
tbeda^gera  crontaiDeil  one  within  another,  all  of  hard  sud, 
with  the  hnc  of  junction  so  beautifully  welded  as  to  be 
hardly  perceptible  even  with  a  magnifier, — so  tbe  in , 
the  dagger,  which  on  striking  separatea  into  five  bladea,  u 
these  arc  most  nicely  brought  into  juxtaposition.  Hk 
twisting  of  gun-barrels  and  tbe  damasks  of  their  blado  <i 
steel  have  been  imitated  in  all  countries.  These  beautifol 
specimens  have  been  sent  chiefly  by  the  native  princet 
of  the  north-west  of  India  from  Putteala  to  Scinde,  as  wdl 
as  from  the  central  government  of  Hyderabad. 

The  other  metal  which  it  seems  necessary  to  mentioi)  is 
tin,  because  connected  with  so  many  metallurgical  com- 
pounds, and  because  by  many  it  has  been  supposed  that 
this  country  was  the  only  source  from  which  that  meltl 
was  obtained  in  ancient  times.  But  it  exists  in  large 
quantities  in  the  Malayan  Peninsula,  as  well  as  in  Banea, 
Borneo,  and  many  other  islands.  Tin,  we  know,  was 
employed  by  the  Egyptians,  because  it  forms  an  ingredient 
in  some  of  their  metallic  compounds  ;  but  its  use  has  long 
been  familiar  to  the  Hindoos  for  forming  various  metallor* 
gical  compounds,  as  well  as  for  tinning  copper.  Aa  it 
occurs  as  an  oxide,  and  near  the  surface  of  the  soil  in  lai^ 
quantities,  and  requires  only  charcoal  for  reducing  it,  we 
may  suppose  it  would  easily  have  been  discovered  by 
a  people  who  forged  iron  and  made  steel.  As  the  nations 
of  antiquity  employed  tin  for  hardening  copper,  and  used 
the  alloy  for  forming  swords  and  spear-heads,  so  the 
natives  of  India  form  various  compounds  with  copper  and 
tin,  which   are  remarkable  for    their    hardness,    and   for 
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the  fine  sounds  which  they  emit  on  being  strack.  Dr. 
Wight  lately  found  that  an  alloy  of  ten  grains  of  copper 
to  two  and  a  half  grains  of  tin  was  the  best  mixture  which 
a  native  made  in  his  presence.  British  spear-heads  are 
found  to  consist  of  one  of  tin  to  ten  of  copper^  and  a  knife^ 
of  one  of  tin  to  seven  and  a  half  of  copper.  Mr.  Aikin,  in 
his  experiments^  found  that  eight  grains  of  copper  to  one 
of  tin  formed  the  hardest  alloy. 

Alloys. — ^The  natives  of  India  are  acquainted  with  a 
variety  of  alloys  for  making  utensils  and  even  ornaments^ 
as  with  copper  and  zinc,  tin  and  lead^  besides  being  great 
workers  in  copper  and  brass  for  the  various  utensils 
employed  for  domestic  purposes^  and  of  which  so  large 
a  variety  was  sent  from  different  parts  of  India. 

Bidery. — A  metallurgical  compound  of  considerable 
interest  is  that  which  has  been  named  Bidery,  from  Bider, 
a  city  situated  about  dxty  miles  to  the  north-west  of 
Hyderabad,  and  of  which  we  have  had  a  variety  of  articles 
at  the  Exhibition.  Most  of  these  have  been  greatly  ad- 
mired for  the  elegance  of  their  form,  as  well  as  for  the 
gracefulness  of  the  patterns  with  which  their  surface  is 
engraved.  Though  the  groundwork  of  this  composition 
appears  of  a  blackish  colour,  its  natural  colour  is  that 
of  pewter  or  of  zinc.  Dr.  Heyne  informs  us  that  it  is 
composed  of  copper  sixteen  ounces,  lead  four  ounces,  tin 
two  ounces.  These  are  melted  together,  and  to  every 
three  ounces  of  the  alloy  sixteen  ounces  of  spelter,  that 
is  of  zinc,  is  added,  when  the  alloy  is  melted  for  use.  But 
to  givethe  irhok  the  black  colour  which  is  esteemed,  pro- 

tthe  pattern,  it  is  dipped  into 
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a  solution  of  sal-a 


•niac,  saltpetre,  comm 


Dr.  B.  Hamilton  saw  of  zinc  12,360  grains,  ropptt 
460  grains,  and  lead  414  grains,  melt«d  together,  ami 
a  mixture  of  resiu  and  bees-wax  introduced  into  the 
crucible  to  prevent  calcination.  It  was  then  poured  into 
a  mould  made  of  baked  clay,  and  the  article  handed  over 
to  be  turned  in  a  lathe.  Artists  then  inlay  ttowera  or 
Other  omaments  of  silver  or  of  gold.  They  first  rub  it  m'er 
with  sulpliate  of  copper  and  water,  which  gives  the  sur- 
face a  blackish  colour,  and  enables  the  artist  more  easily  to 
distinguish  the  figure  which  he  draws, — this  he  does  with 
a  eharp-pointcd  instrument  of  stei^l,  and  cuts  it  with  small 
cMseU  of  various  shapes,  and  then  with  a  hammer  and 
punch  fills  the  cavities  with  small  plates  of  silver,  which 
adhere  firmly  to  the  Bidery,  It  is  then  polished  and 
stained  as  described  above.  The  various  articles  made 
from  it  are  vases,  wash-hand  basins  and  ewers,  hookah- 
bottoms,  spittoons,  cups  and  dishes,  small  boxes  and 
weights.  These  are  inlaid  commonly  with  silver,  bnt 
sometimea  with  gold.  The  patterns  are  usually  as  mnch 
to  be  admired  as  the  forms  of  the  vessels.  Thou 
usually  called  Bidery,  sometimes  Vidry,  it  is  also 
factored  at  other  places.  Specimens  have  been 
both  from  Eider  and  Aurungabad,  in  the  Nizam's 
tones,  from  his  Highness  the  Nizam  and  his  miuist 
Sii-aj-ool-Moolk,  which  are  particularly  beautiful.  Some 
also  from  north-west  India,  and  from  Bengal ;  the  latter, 
however,  was  inferior  to  the  others  in  workmanship. 
Bidery  does  not  rust,  yields  httle  to  the  hammer,  i 
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breaks  ooly  when  violently  beaten.  According  to  Dr. 
Hamilton  it  ia  not  near  bo  fusible  as  zinc  or  tin,  but  melts 
more  easily  than  copper. 

Glasi. — Glass  is  one  of  those  discoveries  which  could 
hardly  escape  being  made  by  any  people  who  employed 
furnaces  to  reduce  metaDie  oxides;  for  the  necessary  in- 
gredients nmat  often  have  been  |]resent,  and  the  heat  was 
sufficient.  Beckniann  has  observed,  that  the  discovery  of 
coloured  glass  must  have  followed  very  soon  that  of  making 
glass  itself,  Ii  is  probable,  however,  that  coloured  glass 
was  made  previous  to  colourless  glass.  For  it  is  difficult 
to  find  materials  pure  enough  to  make  good  glass,  and  it 
■  would  be  some  time  before  the  original  makers  would  find 
Bwit  the  causes  of  discolouration. 

H  The  natives  of  India  seem  to  have  been  long  acquainted 
Vwith  making  different  ornaments  of  glass :  for  instance, 
Hrannlets  and  anklets,  while  rings  of  glass  form  a  part  of 
W&eir  warping  reels.  Small  glass  bottles  are  also  made; 
Bfcnt  all  that  I  have  seen  are  of  a  more  or  less  greenish 
Hlolour.  The  green  is  called  kanch,  and  the  purer  glass, 
^nin.  It  is  probable  that  the  extensive  ditfuaion  of  oxide  of 
^B^n  in  the  Indian  soil,  which  may  have  led  to  the  dis- 
^novery  of  iron,  has  prevented  the  making  both  of  good  glass 
and  of  good  pottery.  That  this  is  not  ii 
knowledge  of  the  method  of  making  inuts 
'  proved  by  the  same  having  been  the  i 
Ktf  Fliny  ;  who  states  that  great  value  was  B 
^■^te  free  from  colour,  which  was  called  o 
Vlhentiona  artificial  hyacinths,  aappU 
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black  glass ;  and  we  know  that  the  glass-boui 
andria  were  celebrated  among  tbe  ancieDts. 

Oue  of  the  Bimplest  processes  for  making  glass  is  thit 
practiBcd  in  the  district  of  Bcbar.  The  saline  efflomeeiux 
of  the  soil,  which  is  au  impure  carbonate  of  soda,  is  collected 
and  thrown  into  a  cistern  lined  with  clay.  This  is  then 
filled  with  water,  which  is  afterwards  allowed  to  eraponte. 
When  dry,  the  bottom  of  the  cistern  is  fonnd  covered  with 
a  thick  saline  crnst,  the  earth  which  was  intermiinl 
having  subsided  before  the  salt  began  to  crystallize.  Thii 
soda  makes  glass  witliout  any  addition,  as  it  still  contain; 
a  sufficient  jiortion  of  siliceous  matter.  They  make  blackish 
and  greenish  glass  i  a  bright  grass'green  is  made  by  ad- 
ditions of  oxide  of  copper ;  and  s  blue  glass  by  the  nddition 
of  rung.  In  Mysore  the  process  is  more  elaborate.  Pow- 
dered white  quartz,  one  part,  being  mixed  with  prepared 
soda,  six  parts,  is  filled  into  a  crucible  capable  of  conlaining 
5^  Winchester  gallons.  About  fifty  of  these  crucibles  are 
placed  in  a  furaace,  and  tbe  fire  kept  up  for  five 
when  a  frit  is  produced,  with  which  they  make  a  bl 
green,  red,  blue,  and  yellow  glass,  by  means  of  additions 
oxide  of  copper,  of  an  ore  called  kemudu,  and  of  a  blue  sub- 
stance called  runga.  AVhat  these  are  I  have  not  been  able 
to  discover.  Though  the  making  of  glass  has  made  but 
Lttle  advance  in  India,  the  natives  work  up  broken  Eng- 
lish glass  even  into  barometer  and  thermometer  tubes,  &c. 
Glass  globes,  silvered  in  the  inside,  were  sent  from  Delhi, 
but  unfortunately  got  broken  in  tbe  transmission.  The 
mode  of  effecting  this  silvering  is  not  mentioned,  but 
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amalgam  of  quickBilver  is  probably  employed,  as,  on  the 
application  of  moderate  heat,  the  silTering  become*  di£- 
sipated.  An  art  aimilar  to  this  haa  of  late  yean  been 
discovered  in  this  country. 

Enamelling. — Enamelling,  or  the  art  of  fixing  colours 
by  melting  in  fire,  is  of  very  andent  date :  it  was  practised 
by  the  Egyptians,  and  carried  to  a  ,high  degree  of  per- 
fection in  Persia.  The  art  is  known  in  every  part  of  India, 
and  some  exquisite  specimens  were  sent  to  the  Exhibition, 
both  from  Central  and  from  North-western  India.  It  is 
chiefly  employed  in  ornamenting  arms  and  jewellery,  not 
only  in  gold,  but  also  in  silver. 

Enamels  being  vitrifiable  substances,  to  which  peculiar 
colours  are  given,  we  may  compare  the  Indian  with  the 
European  methods  of  making  enamel.  In  general,  ten 
parts  of  lead  and  three  parts  of  tin  are  oxidised  hy  con- 
tinued heat  and  exposure  to  air.  To  the  mixed  oxides  add 
ted  parts  of  powdered  quartz,  and  ten  parts  of  common 
salt,  and  melt  in  cmciblee.  Thus  is  obtained  a  white 
enamel,  and  the  basis  of  coloured  enamel,  metallic  oxides 
being  added.  The  oxide  of  lead  or  of  antimony  produces 
a  yellow  enamel :  reds  are  obtained  by  a  mixture  of 
the  oxides  of  gold  and  iron.  The  oxides  of  copper,  cobalt, 
and  iron,  give  greens,'  violets,  and  blues ;  and  a  variety 
of  intermediate  colours  by  mixtures.  The  workmen  of 
Behar  are  stated  to  make  two  enamels,  which  are  applied 
to  the  surface  of  some  of  the  rings.  One  ia  vellow ;  live 
parts  of  lead  are  melted  in  a  shallow  (| 
is  added  one  part  of  tin ;  and  the  a 
or  five  hours.     It  is  then  heated  to  V 
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of  the  glasH-furnace,  One  part  of  white  quarts  is  i 
lidded,  and  the  mass  stirred  about  for  three  bonra. 
is  then  taken  out  with  a  ladle,  poured  out  on  a 
stone  or  iron,  and  cooled  in  water.  They  then  t 
])art  of  their  palest  green  glass,  and  add  a  fourth 
the  other  materials,  to  make  the  yellow  enamel. 

The  green  enamel  is  made  in  the  same  manner  ;  and 
to  the  melted  glass  is  added,  not  only  the  jircpared  lead 
and  tin,  but  a  small  portion  of  the  black  oxide  of  copper. 

In  Mysore  they  make  a  bright  yellow  enanid,  by  first 
calcining  five  parts  of  lead  and  one  of  tin,  then  adding  one 
part  of  zinc,  calcined  in  a  separate  crucible.  When  these 
begin  to  adhere  they  are  powdered  in  a  mortar.  When 
the  maker  of  glass  rings  is  at  work,  he  melts  aome  of  thif 
powder,  and  while  the  ring  is  hot,  with  an  iron  rod  applia 
some  of  it  (the  powder)  to  the  surface  of  the  glass. 

Potter;/,  Ejicaustic  Tiles,  Cements. — The  art  of  fashion- 
ing clay  into  vessels  of  a  variety  of  shapes,  and  hardening 
it  by  the  action  of  heat,  is  one  of  the  moat  ancient  of  the 
arts,  fragments  of  pottery  are  everywhere  found  among 
the  ancient  cities  of  India,  as  in  those  of  other  parli 
world ;  pottery,  as  Brogniart  has  remarked,  affording 
best  record  of  the  early  ages  of  man,  as  bones  do  of 
earth. 

Bo  little  is  known  of  Indian  pottery,  that  it  is  tut 
described  as  being  hemispherical  in  shape.     Some  of 
no  doubt  so,  for  the  convenience  of  being  carried  on  the 
head  j  but  it  is  a  fact,  that  in  the  recent  exhibition  of 
Indian  pottery,  numbers  of  the  best  judges  have  greatly, 
admired  its  elegant,  even  classical  gracefulnt 
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^  It  is  also  stated  to  be  black,  and  red,  or  yetlonish.  The 
-  days  which  are  generally  em]iloyed  in  the  more  populous 
„  parts  of  the  country.  Dr.  O'Shaughneasy  has  observed, 
"  contain  so  much  oxide  of  iron  and  carbonate  of  lime  that 
the  vessels  melt  into  a  slag  at  a  temperature  little  above 
that  of  redness."  "  Deposits  of  a  black  stiff  clay,  con- 
taining much  vegetable  matter,  occur  in  some  districta ; 
vessels  made  with  it  sustain  a  higher  temperaliire," 
Clays  capable  of  bearing  great  degrees  of  heat  have, 
cr,  been  discovered  in  different  parts  of  India.  Aa 
i  great  object  is  to  have  porous  vessels  for  cooling 
pter,  the  ordinary  clays  answer  sufficiently  well  for  this 
Rrpose ;  and  some  of  the  forms,  as  that  of  the  tortoiae- 
laped,  expose  a  large  surface  to  the  air.  The  Hindoos, 
(oreover,  never  use  a  vessel  the  second  time,  bo  no  great 
will  be  incurred  by  them ;  thus  encouragement  is 
ating  to  improve  the  nature  of  their  pottery.  But  very 
ecessful  experiments  have  been  made  to  make  improved 
ttery  in  India,  as  by  Mr.  JuUua  Jeffreys,  the  ingenious 
wentor  of  the  respirator,  who  succeeded  in  making  stone- 
ware soda-water  bottles,  crucibles,  fire-bricks,  tiles,  Stc, 
which  seem  to  have  been  glazed  by  the  silica  uniting  with 
the  alkaline  ashes  of  the  furnace.  Dr,  O'Shaughnessy 
greatly  improved  the  pottery  in  use  in  the  dispensary  of 
Calcutta,  and  which  he  glazed  with  the  borate  of  lime. 
The  glazed  pottery  of  Pegu,  of  which  two  ^ 
were  sent,  has  long  been  known  for  its  { 
affected  by  acids.  Dr.  Hunter  has  eeata 
specimens  of  pottery  from  the  E 
and  for  which  a  prize  has  been  ai 
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The  ancient  potter's  wheel  is  the  tDstrament  wiCli 
which  the  Hinduo  works ;  and  while  it  revokes,  with  the 
aid  of  his  naked  hands  he  fashions  vessels  of  elegant 
forms,  many  of  which  have  been  admired  as  being  of 
classical  shapes,  and  some  would  appear  almost  as  if  t 
were  of  Etruscan  origin  :  but  there  is  no  reason  to  t 
that  the  Hindoos  have  ever  had  anything  but  their  o 
unerring  taste  to  guide  them.  This  beauty  of  form  is 
equally  conspicuous  in  the  pottery  of  Sewan  near  Patna, 
as  in  that  of  Azimgurh  or  of  Afamedabai),  of  Mirzapore, 
or  of  Moradabad. 

Some  of  it  is  remarkable,  also,  for  its  extreme  thin 
and  lightness,  ehouing  the  great  skill  of  the  artist,  I 
making  it  difScult  to  understand  how  it  kept  its  i 
when  in  a  plastic  state^  as  1  cannot  learn  that  the  tumio 
lathe  is  used  to  give  a  finish  to  any  of  the  articles.  Tb~ 
painted  pottery  of  Kotah,  and  the  gilt  pottery  of  Amroha, 
have  also  been  admired.  The  handles  and  the  variotu 
ornaments  of  the  Ahmedabad  pottery  are  no  doubt  at- 
tached, as  in  Europe,  by  means  of  slip.  Prom  the 
specimens  of  basket-work  pottery  sent,  there  is  no  ilouht 
that,  with  better  materials  and  a  little  instruction,  the 
natives  could  excel  in  this  as  in  the  forms  of  their 
pottery. 

If  we  had  no  other  information,  we  might  yet  infer 
from  the  crucibles  employed  by  the  goldsmith,  by  the 
workers  in  brass,  and  by  the  makers  of  cast  steel,  that 
some  very  infusible  clays  are  to  be  found  in  India;  but 
recent  investigations  have  proved  that  crucibles  and  fire-, 
bricks,  superior  in  infusibility  to  those  made  of  Stoi 
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bridge  clay,  have  been  made  in  India;  and  from  the 
white  goblets  of  Arcot,  and  the  light-coloured  pottery  of 
Madras,  as  well  as  from  the  white  bricks  sent  from  the 
Ceded  Districts,  we  see  that  th^re  are  many  useful  clays 
without  the  usual  admixture  of  iron. 

As  connected  with  pottery  might  be  mentioned  the 
variously  coloured  Encaustic  tiles,  which  have  been  used 
for  the  domes  of  some  of  the  tombs  near  Delhi  and  Agra, 
as  well  as  in  Southern  India ;  but  I  cannot  learn  that  the 
art  is  at  present  practised.  It  was  probably  introduced  by 
the  Mahomedans  from  Persia.  Specimens  from  some  of 
these  tombs  were  shown  by  Mr.  Boileau. 

I  might  have  proceeded  to  notice  their  knowledge  of 
Cements,  but  I  may  in  preference  notice  a  kindred  art, 
and  which  seems  capable  of  adoption  elsewhere  when 
suitable ;  that  is,  the  skill  with  which  they  give  a  facing  of 
marble  to  a  wall  of  brick.  This  they  usually  do  by 
employing  mortar  made  of  shell-lime ;  but  I  found  some 
made  from  pure  limestone  equally  good.  A  thin  layer  of 
this  fine  white  cement  being  spread,  is  brought  to  the 
lustre  of  marble  by  a  process  similar  to  burnishing. 

Bleaching » —  Bleaching  is  practised  in  all  parts  of 
India,  and  some  places,  which  are  also  seats  of  the  cotton 
manufacture,  are  famous  for  bleaching,  such  as  Dacca  and 
Baroche.  This  has  been  ascribed  to  the  excellency  of  the 
water  in  the  neighbourhood  of  these  places.  A  very  good 
account  has  been  given  by  Mr.  Taylor,*  late  of  Dacca,  of 
the  process  of  bleaching  at  that  place.     This  is  parti- 

•  "  An  Account  of  the  Cotton  Manufacture  in  Dacca,"  &a.    Pub- 
lished by  Mortimer. 


480 


TBE  ABTS  AK&  MAKtrrACTTBKS  Or  IMDIA. 


cuUrlj'  inlerestiDg,  as  includtn^  wlist  are  called 
discaveries. 

Fine  mtulins  are  mereW  steeped  in  water,  other  ejotbi 
are  first  washed.  But  all,  of  whate^'er  lexture  they  may 
be,  are  next  immersed  for  some  hoiin  in  aa  alkaline  I^ 
cumposed  of  soap  and  of  sajie  muttee,  that  is,  iia|nm 
carbonate  of  soda.     They  are  then  spread  over  the  gnn, 

i  occasionally   sprinkled  with   water,   and   when   haU 
I  are   removed   to  the  boiling-hoase  in  order  to  be 

med.     This  is  effected  by  twisting  the  cloths  into  the 
form  of  loose  bundles  and  placing  them  upon  a  broad  day 
platform,  which  is  on  a  level  with,  and  sntToanda,  the 
neck  of  a  holler  sunk  into  the  ground.     They  are  Aa 
arranged  in  circular  layers,  one  above  the  oth«r,  atodbd 
bamhoo  tube,  which  is  kept  upright  by  means  of 
verse  supporters  projecting  from  it,  the  whole  forming, 
conical  pile  that  rises  to  a  height  of  fire  or  six  feet 
the  boiler. 

The  fire  is  kindled  in  the  excavation  below,  and  as  the 
ebullition  of  the  water  proceeds,  the  steam  diffuses  itself 
through  the  mass  of  the  cloths  above,  swelling  by  its  hi^ 
temperature  the  threads  of  the  latter.  The  operation 
steaming  is  commenced  in  the  evening,  and  continued 
night  till  the  following  rooming.  The  cloths  are  thi 
removed  from  the  boiler,  steeped  in  alkaline  ley, 
spread  on  the  grass  as  on  the  preceding  day,  and  a 
steamed  at  night.  These  alternate  processes  of  bucHng 
and  crufling,  as  they  are  technically  called,  during  the  day, 
and  of  steaming  at  night,  are  repealed  for  ten  or  twelve 
days,  until  the  cloths  are  perfectly  bleached.     After  tl 
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last  steaming,  they  are  ateeped  in  clear  filtered  water 
acidulated  with  lime-juice,  in  the  proportion,  generally,  of 
one  large  lime  to  each  piece  of  cloth.  Lime-juice  has  long 
been  used  in  bleaching  in  all  parts  of  India,  and  Tavemier 
describes  Baroche  as  famous  as  a  bleaching  station,  on 
account  of  its  extensive  meadows  and  the  large  quantity  of 
lemons  reared  there. 

Mixed  fabrics  of  cotton  and  Muga  silk  are  steeped  in 
water  mixed  with  lime-juice  and  coarse  sugar,  which  latter 
article  is  said  to  have  the  efiect  of  brightening  the  natural 
colour  of  the  silk. 

Dyeing,  Calico-printing ,  and  Printing  in  Gold, — The 
art  of  dyeing  is  no  doubt  of  very  ancient  date,  and  one 
with  which  the  Hindoos  have  long  been  well  acquainted. 
Their  country  produced  all  the  raw  materials  for  producing 
a  great  variety  of  colours ;  some  of  these  are  of  so  con- 
spicuous a  nature,  such  as  the  large  flowers  of  plants,  that 
the  desire  must  early  have  occurred  to  transfer  these 
colours  to  the  person  in  savage  nations,  or  to  the  clothes 
of  so  early  civilized  a  people  as  the  Hindoos.  This  could 
easily  have  been  done  with  the  fugitive  colours,  but  as 
they  know  how  to  make  a  colour  like  that  of  indigo,  which 
undergoes  a  considerable  degree  of  chemical  change  during 
its  formation  as  well  as  while  applied  to  the  dyeing  of  its 
blue  colour,  it  is  evident,  even  if  we  had  no  other  infor- 
mation  on  the  subject,  that  they  must  have  paid  attention 
to  some  chemical  subjects.  But  we  know  that  they  have 
long  possessed,  and  knew  how  to  manufacture,  the  several 
salts  which  have  long  been  employed  as  mordaunts. 

die  art  of  dyeing  was  early  practised  we  have  the 
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proof  in  the  fact  mentioned  by  Pliny,  tiiat  flagi 
colours  were  displayed  by  the  Indisos.  It  tui 
posed  that  the  Hindoos  may  hate  leanud  this  art  bat 
Egyptians,  but  the  probability  ia  as  gnat  tliat  the  I 
learned  the  art  from  the  former,  bom  vbom  also 
jirobably  oblaineil  the  alum  nhich  «as  celebrated  by 
name  of  E^'ptian  alum.  Alum  is  still  manufactured 
Cutch ;  the  natiFes  of  India  have  long  ksotTD  the  tue 
sulphate  of  iron  and  of  acetate  of  iron.  The  latter  thef 
prepare  by  macerating  iron  in  soor  palm-wine,  or  in 
water  in  which  rice  had  been  boiled.  The  alkalis  and 
acids  with  which  tbey  are  acquainted  may  hare  assisted 
them  in  changing  the  shades  of  colours.  It  would  take 
too  much  time  to  eater  into  the  detailB  of  Uiese  Ajvag 
processes,  many  of  which  are,  however,  now  well  kiio>«ii, 
and  sGcm  to  have  been  the  origiDal  of  many  of  thoM 
followed  in  Europe  until  very  recent  times.  The  Exhi- 
bition has  shown  that  they  can  dye  every  colour,  and  of  a 
great  vai-idy  of  shades,  and  that,  iu  a  complicated  pattern, 
they  know  the  value  and  power  of  each  in  contrastiug 
the  eflect  of  others,  so  as  to  produce  an  harmoDiow 
whole. 

The  art  of  Calico-pTtniing  is  another  of  those  wl 
was  common  to  the  Egyptians  and  Indians,  and  is 
largely  practised  by  the  latter,  and  with  a  skill  whicb 
produced  much  to  be  admired  even  in  the  midst  of  the 
productions  of  the  world,  and  afler  so  many  attempts  ha»e 
been  made  to  improve  an  art  certainly  imported  from  the 
East.  Pliny  was  acquainted  with  the  wonderful  art  by 
which  cloths,  though  immersed  in  a  heated  dyeing  liqut 
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of  one  uniform  colour^  came  out  tinged  with  different 
colours^  and  which  afterwards  could  not  be  discharged  by 
washing.  The  Indians  were  found  practising  the  art 
when  first  visited  by  Europeans.  The  mordaunts  they 
apply  both  by  pencils  and  by  engraved  blocks^  though  it 
has  been  said  that  the  former  method  was  the  only  one 
employed.  Blocks  were  sent  Arom  Cossipore^  and  are 
used  in  Mysore  and  in  Central  India;  some  specimens  of 
silk  handkerchiefs  were  exhibited  by  Mr.  Warrington, 
to  show  the  different  stages  of  dyeing  as  practised  in 
India.  In  one^  the  parts  where  the  round  spots  were  to 
be,  were  tied  up  with  thread  so  as  not  to  be  affected  by 
the  dye-liquor. 

The  cloth-printers  at  Dacca  are  employed  to  stamp  the 
figures  on  cloth  which  is  to  be  embroidered.  The  stamps 
are  formed  of  small  blocks  of  khutul  {artocarpus)  wood, 
with  the  figures  carved  in  relief.  The  colouring  matter  is 
a  red  earth  imported  from  Bombay,  probably  the  so-called 
"  Indian  earth  ^'  from  the  Persian  Gulf. 

Though  the  art  is  now  practised  to  such  perfection  in 
this  country,  the  Indian  patterns  still  retain  their  own 
particular  beauties,  and  command  a  crowd  of  admirers. 
This  is  no  doubt  due  in  a  great  measure  to  the  knowledge 
which  they  have  of  the  effects  of  colours,  and  the  pro- 
portion which  they  preserve  between  the  ground  and  the 
pattern,  by  which  a  good  effect  is  procured  both  at  a 
distance  and  on  a  near  inspection. 

Printing  in  gold  and  in  silver  is  a  branch  of  the  art 
which  has  been  carried  to  great  perfection  in  India,  judg- 
ing by  the  several  specimens  sent  from  very  different  parts 
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of  India,  as  well  upon  thick  calico  as  upon  fine  nui 
The  size  which  is  used  I  have  not  found  mentioned,  bat  j 
the  Burmese  territory  the  juice  of  a  plant  is  used,  whi 
no  doubt,  contains  caoutchouc  in  a  state  of  solution. 

Leatli^  is  another  chemical  art  with  which  d 
Hindoos  have  long  been  acquainted,  though  it  is  daubtfi 
whether  they  ever  made  leather  of  very  superior  quali^ 
but  the  art  is  practised  in  native  states  where  it  ia  n 
likely  to  have  been  introduced  by  EuropeEiD  influence,  i 
for  instance,  in  Cashmere  and  in  Cutch,  whence  we  hai 
had  skins  dyed  of  different  colours.  But  leather  of  vi 
excellent  quality  has  been  sent  from  the  Govcrumcnt  fan 
at  Hoonsoor  in  Mysore,  likewise  from  Calcutta  by  th 
Messrs.  Teil,  The  native  shields  are,  however,  not  to  ll 
surpassed. 

Soap  seems  to  have  been  introduced  by  the  KlahoiDQ 
dans,  though  the  Hindoos  have   long  used  alkaline  leyi 
obtained  from  the  ashes  of  plants,  for  many  of  the  ] 
poses  of  soap ;    and  they  have  a  substitute  for  soap  it 
several  berries.      Soap  is  made  at  Dacca,  of  shell  I 
10  mds.j  sajie  muttee,  16  mds. ;  common  salt,  15  mds. 
sesamum  oil,  12  mds. ;  goats'  suet,  15  seers.     It  is  mad 
of  good  quality  at  Saharunpore ;  and  some  marine  t 
of  excellent  quality,  though  in  small  quantity,  waa  fl 
from  Calicut. 

Candles  may  be  appropriately  mentioned  here,  thon^ 
the  mode  of  making  them  is  probably  not  Indian,  bndl 
taught  by  Europeans,  The  natives  use  oil  lamps,  ot 
various  shapes,  often  of  metal  fixed  on  an  iron  spikcy 
which  they  stick  into  the  ground.     But  excellent  candle* 
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are  now  made  in  India ;  as^  for  instance^  the  wax  candles 
from  Fatna^  and  the  stearic  candles  of  the  Messrs.  Sainte 
from  Calcutta. 

Lacquer  Ware. — The  word  lacquer  is  evidently  derived 
from  the  Indian  name  lac  or  look,  which  is  the  resin  se- 
creted together  with  lac-dye  by  the  lac  insect^  a  species  of 
coccus.  The  name  occurs  in  Avicenna^  who  mentions  it^ 
as  described  by  some^  as  the  gum  of  a  tree  like  the  myrtle^ 
and  by  others  that  it  is  a  substance  like  to^  and  having 
some  of  the  properties  of  amber.  It  is  mentioned  in  many 
Indian  works^  and  is  apparently  alluded  to  by  Ctesias. 
This  substance  is  used  for  a  variety  of  purposes  in  India^ 
and  it  is  the  common  material  for  uniting  things  to- 
gether^ as  gum  and  glue  are  in  Europe.  (Toys  of  various 
kinds^  lac  chains  gilt^  and  lac  grindstones^  were  shown.) 

The  term  lacquer  is  applied  to  laying  on  or  covering 
with  a  preparation  of  lac ;  but  two  different  processes  are 
usually  confounded  under  this  term.  The  one  prevailing 
in  Burma  and  the  southern  parts  of  the  Indian  Peninsula 
was  well  known  to  Dampier^  in  1638^  as  he  says,  "  The 
lac  of  Tonquin  is  a  sort  of  gummy  juice  which  drains  out 
of  the  bodies  or  limbs  of  trees/^  and  that  '^  the  articles 
lackered  are  cabinets,  desks,  &c.^'  Some  chemical  change, 
no  doubt,  takes  place  on  exposure  of  these  juices  to 
the  air. 

This  kind  of  lacquered  ware  was  much  appreciated  in 
the  last  century,  and  was  imported  chiefly  from  China ; 
much,  however,  was  always  prepared  in  Burma,  though 
that  of  Japan  was  always  considered  superior  to  any  other, 
and  of  which  many  fine  specimens  may  still  be  seen  in 
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large  folding  Bcreens,  &c.     Both  these  and  the  lacquer 
Burma  are  prepared  only  &om  tlie  juice  of  a  famil]r 
plantii  (the  Terebinthacea),  the  same  aa  that  to  wlucb  dw 
marking  uut  aod  sumach  belong. 

The  chief  expense  of  the  manufacture  arises  from 
care  with  which  successive  layers  of  varnish  must  be 
on.      Various  specimens  of  boxes  have  been  sent 
Moulmcin  and  from  Singapore,  some  showing  dific 
stages  of  the  process. 

Another  kind  of  iacquer-work  is  rather  of  the  nature 
of  papier-mache,  covered  with  one  or  more  layers  of  1m 
varnish.  This  is  the  case  with  the  lacquered  boxes  Jroni 
Cashmere  and  Lahore,  so  remarkable  for  tbc  beauty 
elegance  of  tbeir  patterns. 

Sealing-lVax  is   also  made  from  lac,  and  several 
rieties  have    been    sent    from    different    parts    of 
Garcias  ah  Orto  described  it  as  made  from  lac  in  the  year 
1563.     Taveruicr  mentions  the  same  fact.     The  Spaniardl 
have   obtnined   credit    for  the    invention ;    but    they, 
doubt,  learned  it  from  the  Arabs.     A  Frenchniau 
travelled  much  in  Persia  and  different  parts  of  the 
Indies  is  also  thought  to  have  been  the  discoverer ; 
by  Beckmanu  it  is  considered  to  be  a  Gennan  iuvenl 
This  ia  hardly  a  chemical  art,  but  it  is  probably 
placed  here  than  elsewhere. 

Paper. — The  art  of  making  paper  is  considered  to  be 
Chinese  invention,  but  it  has  long  been  known  in  Indi^ 
where  paper  is  made  both  of  cotton  and  of  the  substitutes 
for  hemp  and  flax.     In  the  Himalayas  it  is  made  of  the 
inner  bark  of  Daphne  cannahiiia,  and  in  shed 
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size.  A  large  collection  was  exhibited  from  different 
parts  of  India^  but^  though  well  adapted  for  writing  on  in 
India,  it  is  not  suited  for  Europe^  in  consequence  of  the 
difference  in  the  ink  used. 

II.  Textile  Arts. 

The  East  has^  from  the  earliest  times  of  which  we 
have  any  record,  been  famous  for  its  textile  fabrics ;  and 
India,  notwithstanding  the  great  mechanical  inventions  of 
this  country,  is  still  able  to  produce  her  **  webs  of  woven 
air,'^  which  a  Manchester  manufacturer  of  the  last  century 
attempted  to  depreciate,  by  calling  them  '^  the  shadow  of 
a  commodity,^'  at  the  same  time  that  his  townsmen  were 
doing  all  they  could  to  imitate  the  reality,  and  which  they 
have  not  yet  been  able  to  excel. 

Cotton  Manufacture, — Though  the  invention  and  com- 
pletion of  a  loom  for  weaving  would  indicate  a  high 
degree  of  ingenuity  as  well  as  a  considerable  advance  in 
some  other  arts,  the  Hindoos  were  acquainted  with  it  at  a 
very  early  period,  for  in  the  hymns  of  the  Rig  Veda,  com- 
posed at  least  1200  years  B.C.,  "  weavers^  threads^'  are 
alluded  to,  and  in  the  Institutes  of  Manu  it  is  directed, — 
"  Let  a  weaver  who  has  received  ten  palas  of  cottoh- 
thread  give  them  back,  increased  to  eleven  by  the  rice- 
water  and  the  like  used  in  weaving.'^  That  cotton  was 
employed  at  very  early  periods  is  also  evident  from  the 
Indian  name  for  cotton,  karpas,  occurring  in  the  Book  of 
Esther,  ch.  i.  v.  6,  in  the  account  of  the  hangings  in  the 
wart  of  the  Persian  palace  at  Shushan,  on  the  occasion  of 

^▼cn  by  Ahasuerus,  where  "  were  white. 
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green,  and  blue  hangings."  The  word  cotresponilJitg  to 
green  is  karpas  in  the  Hebrew.  It  aeetns  to  tneaii  collon- 
cloth  made  into  curtainsj  which  were  striped  white  Mid 
blue.  Such  may  be  seen  throughout  India  in  the  preseol 
day,  in  the  form  of  what  are  called  purdahs.*  [Tiie 
mode  in  which  these  are  used,  and  the  eiuploymetit  of  the 
Gituie  colours  in  stripes,  was  shown  in  sutrunjees,  or  cotLan 
carpets  od  the  wall.j 

That  the  Iliudoos  were  in  the  habit  of  spinniog 
threads  of  ihffcrciit  materials  appears  from  another  part  of 
the  Institutes  of  the  same  lawgiver,  where  it  is  directed 
that  the  saci'iiicial  threads  of  a  Brahmin  must  be  made  of 
cotton,  that  of  a  Shatriya  (second  caste),  of  «ana  {Crott- 
laria  juncea),  and  thai  of  a  Vaisya,  of  woollen  thi 
The  natives  of  India  prepare  fabrics  not  only  of  coti 
but  also  of  hemp,  and  of  Jute,  and  otbcr  substitutes 
flax ;  also  of  a  variety  of  silks,  and  of  the  wool  of  the 
sheep,  goat,  aud  camel,  as  well  as  mixed  fabrics  of  different 
kinds.  But  it  is  for  the  delicacy  of  the  muslias,  especially 
of  those  woven  at  Dacca,  that  India  has  so  long  been 
famous.  It  is  pleasing  to  find  that  these  manufactures 
still  continue  pre-eminent  for  fineness  combined  with 
softness.  From  a  careful  examination  of  the  cottons 
grown  in  difi'ereDt  parts  of  India,  as  well  as  of  those  of 
other  parts  of  the  world,  we  find  that  it  is  not  owing  to 
any  excellence  in  the  raw  material  that  the  superiority  iu 
the  manufacture  is  due,  for  spinners  here  say  that 
Indian  cotton  is  unEt  for  their  purposes,  being  not  oi 

■  I'ide  "  EESikj  OD  Antiquity  of  Hindoo  Mwlidne,"  p.  Uli. 
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short  but  coarse  in  staple.*  It  is  owing,  therefore,  to  the 
infinite  care  bestowed  by  the  native  spinners  and  weavers 
on  every  part  of  their  work,  that  the  beauty  of  the  fabric 
is  due ;  aided,  as  they  are,  by  that  matchless  dehcacy  of 
touch  for  which  the  Hindoos  have  long  been  famous.  But 
this  is  no  small  advantage,  for,  according  to  one  of  their 
authors,  "  the  first,  the  best,  and  most  perfect  of  instru- 
ments is  the  human  hand." 

The  Hindoo  weaver  is  often  described  as  hanging  his 
loom  to  a  tree,  and  sitting  with  his  feet  in  the  ground.  If 
he  did  so,  his  productions  would  appear  more  wonderful 
than  they  are,  as  being  still  more  the  result  of  means  un- 
suited  to  the  ends.  But  a  late  resident  of  Dacca  has  given 
a  minute  account  of  the  cotton  manufacture  of  that  dis- 
trict, and  thence  we  leani  positively,  what  might  as  cer- 
tainly have  been  inferred,  that  great  care  is  bestowed  on 
every  part  of  the  process.  The  spinning-wheel  is  usually 
considered  to  be  an  improvement  upon  the  distaff  and 
spindle,  as  our  machinery  is  upon  the  inexpensive  spinning- 
wheel.  In  facilitating  work  and  diminishing  expense,  the 
spinning-wheel  was,  no  doubt,  a  great  improvement,  and 
is  still  employed  throughout  India  for  the  ordinary  and 
coarser  fabrics.  But  the  spindle  still  holds  its  place  in 
the  hands  of  the  Hindoo  woman  when  employed  in  spin- 
ning thread  for  the  fine  and  delicate  muslins,  to  which  the 

■  Eiperiments  were  made  foraseiiesofjeara,  at  the  oxpense  of  the 
Indian  Goyeniment,  lo  grow  American  cotWn  in  the  Dacca  dislriot,  but 
witliont  anccesB,  owing,  it  was  thought  bj  thu  Ameiican  jilanl^r  in 
chu^,  to  exc«B8  of  moistore,  and  to  the  depredations  of  inituclx. — 
■  "  On  tba  Cnltnra  and  Commsrce  of  Cotton  in  India  and  cUe- 
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n&mcB  of  "  Dew  of  Night,"  "  Runaing  Water,"  fee.,  trr 
■ppiied  by  tbe  oatives,  and  whicb,  no  doatit,  formed  thr 
Tela  venlosa  of  tbe  ancients;  and  those  called  Gangitih 
in  the  time  of  Arrian  were  probably  produced  in  tbe  lanK 
locality.  Mr.  James  Taylor,  late  of  the  medical  sernct 
of  Bengal,  in  a  report  which  was  sent  by  the  Court  of 
Directors  to  India,  gave  much  interesting  information 
respecting  tbe  cotton  manufacture  of  Dacca ;  and  to  the 
Exhibition  he  sent  a  series  of  views  of  the  diScreat  parts 
of  the  process,  together  with  the  instruments  used  in  spin- 
ning,  as  well  aa  some  specimena  of  their  fine  thread.  He 
showE  that  the  Hindoo  woman  first  cards  her  cuttoa  will) 
the  jaw-bone  of  the  boaUe  tish,  which  is  a  species  of 
Silurus ;  she  then  separates  the  seeds  by  means  of  a  small 
iron  rolhr,  worked  backwards  and  forwards  upon  a  flat  board. 
An  equally  small  bow  is  used  for  bringing  it  to  the 
of  a  downy  Heece,  which  is  made  up  into  small  rolls  to 
held  in  the  hand  during  the  process  of  spinning, 
apparatus  required  for  this  consists  of  a  delicate  iron 
Bpmdle,  having  a  small  ball  of  clay  attached  to  it,  in  order 
to  give  it  sufficient  weight  in  turning,  and  imbedded  10,1 
little  clay  there  is  a  piece  of  bard  shell,  on  which 
spindle  tuma  with  the  least  degree  of  friction, 
these,  a  moist  air  and  a  temperature  of  80''  is  found 
suited  to  this  fine  spinning,  and  it  is  therefore  prai 
early  in  the  mornings  and  in  the  evenings,  sometimes 
a  shallow  vessel  of  water,  the  evaporation  from  which 
parting  the  necessary  degree  of  moisture.  The  spinners 
yam  for  the  Chundeyree  muslins  ia  the  dry  climate 
north-west  India  are  described  as  working  in  imderj 
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workahops,  on  account  of  the  greater  aniformity  in  the 
moisture  of  the  atmosphere. 

The  Indian  spin ning- wheel  is  looked  upon  with  con- 
tempt by  those  who  look  to  the  polish  rather  than  to  the 
fitness  of  a  tool.  Professor  Cowper,  than  whom  no  one  is 
a  betler  jndge,  observing  that  the  wood-work  of  aome  of 
these  spinniDg- wheels  was  richly  carved,  inferred  that  the 
strings  with  which  the  circumference  was  formed  might 
have  some  use,  and  not  be  adopted  from  poverty  or  from 
idleness.  In  making  working  models  of  these  instru- 
ments, he  has  found  that  in  no  other  way  could  he  pro- 
duce such  satisfactory  results  as  by  closely  imitating  the 
models  before  him,  the  strings  giving  both  tension  and 
elasticity  to  the  instrument.  The  spindles,  moreover, 
being  slightly  bent,  or  the  hand  held  obliquely,  the  yam 
at  every  turn  of  the  spindle  slips  off  the  end  and  becomeH 
twisted. 

As  the  different  processes  are  fiilly  described  in  the 
work  to  which  I  have  alluded,  I  need  not  dwell  further  on 
this  part  of  the  subject,  except  to  mention  that  the  com- 
mon dimensions  of  a  piece  of  Dacca  muslin  are  twenty 
yards  in  length  by  one  in  breadth.  There  are  more 
threads  in  the  warp  than  in  the  woof,  the  latter  being  to 
the  former,  in  a  piece  of  muslin  weighing  twenty  tolas  or 
siccas,  in  the  proportion  of  9  to  11.  One  end  of  the 
warp  is  generally  fringed,  sometimes  both.  The  value  of 
a  piece  of  plain  muslin  is  eatimated  by  its  length  and  the 
number  of  threads  in  the  warp,  compared  with  ita  weight. 
The  greater  the  length  and  number  of  ibreads  and  the  less 
^er  is  its  price.     It  is 
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seldom,  however,  that  a  web  is  formed  entirely  of  ill- 
finest  thread  which  it  is  possible  to  spiu.  Ilie  locul  com- 
mittee of  Dacca  having  given  notice  that  they  would 
award  prizes  for  the  best  piece  of  muslin  which  coulil  be 
woven  ID  time  for  the  Exhibition,  the  prize  of  25  nipt^ 
was  awarded  to  Uubecoolla,  weaver  of  Golokouda,  near 
Dacca.  The  piuce  is  ten  yards  long  and  one  wide,  waghs 
only  3  oz.  2  dwts.  and  may  be  passed  through  a  very  small 
ring. 

Though  the  cotton  manufactures  of  India  have  so 
greatly  fallen  off,  from  the  cheapness  of  English  manu- 
factured goods,  it  is  gratifying,  as  well  as  unexpected,  w 
learn  from  Mr.  Taylor,  that  as  the  finest  muslins  formed 
but  a  Bmall  portion  of  the  goods  formerly  exported  tn 
England,  the  decay  of  the  Dacca  trade  has  had  compan- 
lively  little  influence  on  this  manufacture,  as  these  delicate 
manufactm-ca  atill  maintain  their  celebrity  in  the  countrj- 
and  are  still  considered  worthy  of  being  included  ami 
the  most  acceptable  gifts  that  can  be  offered  to  her 
princes ;  and  he  believes  that  the  muslin  made  at  pi 
is  superior  to  the  manufacture  of  1790,  and  fully  eqnal  t6 
that  of  the  reign  of  Auiungiebe,  He  also  informs  us  thai 
a  College  for  the  education  of  the  natives  stands  on  the 
site  of  the  former  English  factory. 

Fine  muslins  have  been  sent  to  the  Exhibition, 
only  from  Dacca,  but  also  from  Kisbcnignrh,  in  Beuj 
likewise  from  as  far  south  as  Cottar,  in  the  Rajah  of 
vancore'a  dominions ;  as  well  as  from  Chundeyree  in 
Gwalior  territories. 

Specimens  of  almost  (■lery  variety  of  tlic  cotton  mani 
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facturc^  such  as  the  coarse  garrhas  and  guzzees  for  packings 
clothing,  and  for  covering  corpses^  with  dosootees^  &c.^  for 
tents,  canvass  for  sails^  towels^  and  table-cloths^  and  every 
variety  of  calico,  have  been  sent  from  the  islands  of  the 
Indian  Ocean,  from  Nepal  and  Assam^  as  well  as  from  all 
along  the  valley  of  the  Granges^  from  Bengal  up  to  the 
Jullundur  Doab,  in  the  Sikh  territories ;  ^also  from  Catchy 
Ahmedabad^  Surat,  and  Dharwar^  on  the  western  side  of 
India ;  and  from  the  central  territories  of  the  Nizam^  and 
of  the  Rajah  of  Nagpore. 

The  finest  pieces  of  calico^  and  punjum  longcloth,  have 
been  sent  from  Jugginpettah^  in  the  Northern  Circars, 
which  was  formerly  the  great  seat  of  this  manufacture. 

It  is  curious  that  some  of  these  places^  noted  even  for 
their  manufactures,  did  not  grow  their  own  cotton. 
Dacca,  no  doubt^  grew  most  of  what  it  required  for  its 
muslins,  because  the  thread  did  not  swell  in  bleaching,  but 
it  also  imported  cotton  formerly  from  Surat^  as  well  as 
from  Central  India.  Azimgurh  imports  its  cotton  chiefly 
from  the  same  source  to  which  the  Northern  Circars  was 
also  formerly  indebted,  while  Chundeyree  imports  its 
cotton  from  the  distant  valley  of  Nimur. 

Among  the  fabrics  there  are  a  great  variety,  which 
prove  that  the  natives  are  acquainted  with  every  kind  of 
weaving,  from  guzzees  and  gauzes^  to  striped^  chequered^ 
and  flowered  muslins.  The  last  are  interesting  as  speci- 
mens of  an  art  which  has  been  long  known  in  the  East^ 
and  the  mode  of  making  which  has  often  puzzled  weavers 
in  this  country.  In  manufacturing  figured  (Jamdanee) 
fabrics^  Mr.  Taylor  informs  us,  "  They  place  the  pattern. 
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drann  upon  paper,  below  the  warp,  sod  range  aloDg  th^ 
track  of  the  woof  a  number  of  cut  threads,  eqtisl  to  the 
flowers,  or  parts  of  the  design  intended  to  be  made;  and 
then,  with  two  small  fine-pointed  bamboo  sticks,  they 
draw  each  of  these  threads  between  as  many  tlireads  of  tbe 
warp  as  may  be  equal  to  tbe  width  of  the  figure  which  k 
to  be  formed.  When  all  the  threads  have  been  brougbt 
between  the  warp,  they  are  drawn  close  by  a  stroke  of  the 
ley.  Tbe  shuttle  is  then  passed  by  one  of  the  weaven 
through  the  shud,  and  the  weft  having  been  driven  home, 
it  is  returned  by  the  other  weaver."  Moat  of  these  floo- 
ered  muslins  are  uniform  in  colour,  but  some  arc  in  two 
colours,  aud  chietly  woven  in  Beugal.  Specimens  of 
double-weaving  in  cotton,  and  showing  considerable 
with  a  pleasing  arrangement  of  pattern  and  colours, 
been  sent  from  Khyrpore,  in  Sindh.  These  are  also  m 
in  Gaujam. 

Flax,  hemp,  and  substitutes  for  them,  arc   all 
known  aud  extensively  cultivated  in  every  part  of  India 
but  flax  solely  on  account  of  its  seeds,  which  yield  oil  and 
oilcake,  though  some  very  good  flax  has  been  produced  in 
some  parts  of  Bengal ;  and  the  hemp,  on  account  of 
intoxicating   principles  secreted  in  its  leaves   and 
parts,  and  which  iu  different  forms  is  known  under 
name  of  bhang,  husheesh,  c/nints.     The  fibre  of  the  pli 
as  grovrn  in  the  plains,  is  too  dry  and  brittle  to  be  w 
either  for  rope-ninking  or  for  textile  fabrics,  though  in 
Himalayas  some  excellent  rojiea  and  canvass  are  made,  ai 
the  culture  might  he  greatly  extended  if  there  was  a 
mand  for  the  produce.     Species  of  crotolaiia,  of  hibisci 
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of  corchorus^  and  of  many  other  genera^  yield  fibres  which 
are  used  for  rope-making ;  but  that  of  the  species  of  cor- 
chorus^  commonly  called  jute^  for  making  gunny  bags^ 
used  for  packings  which  are  even  exported  to  America  for 
packing  their  cotton.  In  the  Peninsula  these  bags  are 
made  of  Crotolaria  juncea,  or  gani  plant.  The  rhea  fibre^ 
which  is  closely  allied  to^  if  not  identical  with^  the  China 
grass^  is  used  for  making  fishing-lines  and  some  kinds  of 
fabric^  but  its  employment  may  be  greatly  extended.  So 
also  the  plantain^  the  pine-apple^  and  the  sanseviera  fibre^ 
'of  all  of  which  some  fabrics  have  been  made  and  exhibited^ 
but  in  too  small  quantities  to  attract  much  attention, 
though  some  will  probably  become  important  articles  of 
commerce. 

Silks. — Silk  is  a  production  of  China,  and  said  by 
Chinese  authors  to  have  been  known  there  for  thousands 
of  years.  It  has  long  been  imported  into  India  from 
China.  The  earliest  notice,  though  there  is  some  doubt 
about  the  passage,  is  in  the  Mahabharut,  where  Cheenas, 
Hoonas,  &c.  are  said  to  have  brought  ''silk  and  silk- 
worms^' as  presents  to  Yoodhistira.  When  the  China 
silk-worm  was  first  introduced  into  India  as  an  object 
of  culture  we  have  no  information;  but  what  is  called 
the  indigenous  (desee)  silk-worm  is  carefully  distinguished 
from  the  China  worm ;  and  there  are  several  species  of 
wild  silk-worms,  species  of  Satumia,  Phalana,  and 
BombyXy  all  of  which  were  shown  at  the  Exhibition, 
with  Tussur,  Moonga,  and  Eri  cloth.  The  former  is 
much  used  in  India  by  the  natives,  and  ia  best  known  as 
an   article  of  commerce,   and   has  been   used  here  for 
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parasoU ;  in  India  it  is  esteemed  for  childreu's  c 
The  Eri  cloth  is  extensively  used  as  an  article  of  duthi 
by  the  inhabitants  of  Assam. 

The  silk  of  Bengal   was   originally   very   inferior  i 
quality,  and  very  carelessly  wound.     The  East  India  C 
pany.  in  the  year  1757,  sent  a  Mr.  WOder  to  inaprove  tl 
winding  of  silk ;  and  in  the  year  1769  other  Euj 
B9  drawers,  winders,  reelers,  and  nieehnnics.    The  filator 
were  all  in  Bengal,  and  to  the  southward  of  26°  of  N.  1 
for  the  north-west  provinces  arc  much  too  hot  and  dry  & 
the  silk-worm.     Experiments  were  for  many  years  majs 
on  the  western  side  of  India  to  introduce  the  culture  el 
the  silk-worm,  under  an  Italian,  M.  Mutti;  but  they  have 
lately  been  abandoned  from  want  of  suceeSB.     Some  e 
lent  silk  is  being  produced  in  Mysore,  and  it  is  probata 
that  the  culture  might  easily  be  carried  on  in  the  valle) 
of  the  Himalaya. 

Of  the   manufactured  ailk  some  fine  speeim 
sent  from   Messrs.   Vardon,  as  well  as  by  Mr.  Jardine. 
Moorahedabad  has  long  been  a  central  mart  for  silk  goods, 
and  a  variety  of  specimens  of  silk  have  been  sent  from 
thenre,  and  some  satins  (mushruo)  from  Benares,  Cutch,  a 
Hyderabad,  chiefly  in  alternate  stripes  of  different  coloiu 
On  the  Bombay  side  the  culture  did  not  succeed,  a 
the  raw  material  is  imported  from  China  and  dyed,  1 
the  manufacture  has  not  on  that  account  been  neglecte 
The  weavers  aeem,  in  fact,  to  have  paid  an  extra  d 
attention  to  their  art,  and  sent  silk,  which  is  well  wove 
and  in  a  variety  of  patterns,  together  with   an  i 
specimen  (called  pt/lanee)  of  double  weaving,  being  red  o 
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one  side  and  green  on  the  other^  and  showing  the  colours 
and  patterns  very  distinct.  This  is  from  Poona.  The 
silks  from  Surat^  Tanna^  and  Ahmednugger^  are  also  to  be 
admired  for  their  patterns^  as  well  as  the  longees  from 
Sindh.  The  silks  from  Cashmere  have  attracted  much 
attention^  both  from  the  substantial  nature  of  the  fabric^ 
some  of  which  is^  I  believe^  called  tafeta^  and  for  the 
moderated  tone  of  the  colours  with  which  they  are  dyed. 

The  flowered  silks^  or  brocades^  from  Benares  and 
from  Ahmedabad^  as  well  as  those  from  Hyderabad^  com- 
mand notice  for  their  richness  and  the  happy  disposition 
of  pattern  and  combination  of  colours. 

Woollens, — As  the  skin  of  the  sheep  was  probably  one 
of  the  earliest  substances  employed  for  covering  the  body^ 
80  its  wool^  having  the  property  of  felting^  must  early  have 
led  to  the  discovery  of  one  kind  of  cloth^  while  the  length 
of  its  staple  and  the  facility  with  which  it  can  be  twisted 
into  a  thready  would  lead  to  the  formation  of  woollen  yam, 
which  we  have  seen  was  early  employed  by  the  Hindoos  as 
the  sacrificial  thread  of  the  lower  caste. 

Several  specimens  of  wool  have  been  sent ;  some  fine 
merino  wool  from  the  table-land  of  Mysore^  and  indi- 
genous wools  from  the  hilly  country  of  the  north-west 
frontier.  Some  from  Lahore^  and  other  kinds  from  the 
dry  and  cold  elevated  climate  of  Tibet.  Of  the  last^  some 
very  fine  specimens  from  Lieut.  Strachey.  Many  of  the 
animals  there  being  furnished  with  a  fine  down  or  hair- 
Uke  wool  under  the  coarse  common  outer  wool.  It  is  this 
*^  ^Mefly  employed  for  the  shawls  and  the  shawl- 
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Though  woollen  fabrics  of  superior  qaality  are  not 
likely  to  be  sent  from  a  hot  country  like  India,  yet  u 
there  are  great  diversities  of  elimate  in  its  different  part!, 
we  have  some  very  substantial  woollen  clotlis  and  blankets 
from  diScrent  parts,  as  well  as  some  fine  shawl-wooi  cloth 
fi'om  Cashmere;  also  the  kind  called  Puttoo;  a  new  fabric, 
named  Pureepiu:,  the  pile  of  whicb,  on  one  side,  is  fanned 
of  loops.  Felted  blankets  and  cloaks  have  been  sent  from 
the  table-laud  of  Mysore,  as  well  aa  from  the  north-vest 
frontier,  and  from  Nepal  and  Tibet. 

Shawls  might  fitly  be  treated  of  in  this  place,  but  tlilfl 
arc  too  well  known  for  their  useful  qualities,  and  too  mv^H 
admired  for  the  elegance  of  their  patterns,  to  allow  me  iM 
treat  of  them,  unless  there  was  some  new  information  to 
communicate.     This  I  do  not  possess.     A  short  report  on 
them  is  published  in  the  "Illustrated  Catalogue,"  bW^ 
detailed  account  of  the  manufacture  in  Cashmere,  and'l 
the  drawing  of  the  patterns,  as  well  as  of  their  ideaa  4 
the  juxtaposition  of  colours,  would  form  a  very  int« 
subject  for  an  essay. 

Among  the  references  to  silk  in  ancient  authors,  tin 
is  also  frequently  mention  made  of  gold  and  silver  as  inter- 
woven with  silk  ;  even  the  Coan  women  are  represented  as 
interweaving  gold  thread  in  their  silken  webs,  and  Caligula 
as  wearing  "  a  tunic  interwoven  with  gold."  Itabylonicuin 
was  the  name  applied  to  the  splendid  productions  of  the 
Babylonian  looms.  These  are  described  as  being  adorned 
both  with  gold  and  with  variously  coloured  figures,  A 
peacock's  train  is  compared  to  a  figured  Dabylonicun^ 
enriched  with  gold;  while   Peplum,    the  shawl,  had  ) 
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greatest  skill  and  labour  bestowed  on  its  fabncatioa,  and 
various  objects  were  frequently  represented  on  it:  that 
worn  by  tbe  Fastophori  in  religions  ceremoniei  wae  richly 
iuterworeD  with  gold,  and  displayed  ranoos  symbolical 
and  mythological  figures;  while  the  Paragauda,  a  word 
supposed  to  be  of  Oriental  origin,  we  learn  was  the  border 
of  a  tunic  enriched  with  gold  thread  and  worn  by  ladies. 
There  is  no  doubt  that  it  has  long  been  the  custom  so  to 
adorn  garments  in  the  East,  and  we  have  had  numerous 
such  specimens  sent  to  the  Exhibition. 

The  above  enumeration  of  the  various  kinds  of  ancient 
sbawls,  for  which  *e  are  indebted  to  the  labours  of  Mr. 
Yates,  would  nearly  answer  as  an  account  of  the  series  of 
shawls,  scarves,  and  bordered  vests  and  tunics,  interwoven 
with  gold  and  silver  thread,  enriched  with  jewels,  or  with 
their  imitation,  and -adorned  in  some  cases  with  represent- 
stioos  of  animals,  which  we  had  sent  to  the  Exhibition 
from  different  parts  of  India,  as  from  Gwfdior,  Nagpore, 
and  Hyderabad,  together  with  the  brocades  of  Benares  and 
Ahmedabad,  and  of  which  we  have  specimens  now  before 
us.  But,  even  in  these  gorgeous  productions,  there  is  the 
same  attention  to  harmony  of  effect  combined  with  variety 
and  elegance  of  pattern  that  we  have  observed  in  the 
simplest  cottons  and  the  richest  silks. 

Carpels. — Climate  chiefly  influences  everything  refer-  • 

ring  to  the  clothing  or  habitation  of  man.     Among  the 

latter,  coverings  for  the  floor  are  necessarily  included.     In 

a  cold,  wet  dimate,  it  is  hardly  possible  to  use  the  floors  of 

.  JXWms  without  some  kind  of  covering;  aiid  tbercfare  we 
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read  in  earlier  limes  of  the  floors  bciDg  covered  with  sti 
rashes,  hay,  or  heather. 

In  warm  countrieii,  on  the  contrary,  the  habit  is  more 
to  flit  in  the  open  air  under  the  shade  of  trees ;  and  it  i» 
desirable  to  have  some  covering  over  the  sandy  or  dnslj- 
earth,  either  to  sit  or  be  down  upon.  It  ia  not  snrprisin^ 
therefore,  that  the  invention  of  carpets  should  have  origi- 
nated in  Eastern  countries.  Skins  were  probably  tint 
employed.  A  piece  of  leather  has  been  sent  as  that  so 
used  by  a  Burmese  priest. 

Mats  are  the  moat  agreeable  in  hot  weather;  and  for 
these  India  is  famous,  as  well  for  their  variety  as  for  their 
fineness  and  pattern.  Carpets,  either  of  cotton,  silk,  or 
woollen,  arc  employed  in  all  Eastern  countries,  from  tlie 
south  of  Indiu  to  Turkey  in  Europe,  for  praying  on,  or  for 
occasions  of  slate. 

The  carpets  employed  by  the  ancients  are  thought  to 
have  been  of  tbe  nature  of  tapestry,  and  used  for  covering 
couches  rather  than  floors.  True,  carpets  seem  to  hai 
been  first  employed  in  Persia;  and  those  called  Turl 
were  probably  originally  of  Persian  manufacture,  whcnee- 
thc  manufacture  might  hare  been  introduced  into  Turkey, 
and  where  it  is  still  practised,  as  we  had  so  many  rugi 
sent  from  thence,  as  well  us  from  Egypt,  being  used  then 
as  prayer- carpets  by  Alahomedans. 

The  Pereians  stiU  remain  unrivalled  in  the  happy  com' 
bination  of  colour  and  pattern  for  which  their  carpets  have 
long  been  distinguished,  nhence  the  most  varied  hues  and 
deepest  tints  are  brought  into  close  approximation^  and, 
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from  offending  the  eye^  please  by  their  striking,  becauae 
harmonious  contrasts. 

Though  printed  calicos  of  large  size  and  suitable 
patterns  are  sometimes  used  for  covering  the  floor  in  India, 
and  we  had  some  fine  specimens  from  Ahmedabad  and 
from  Mooltan^  yet  the  most  common  carpets  employed  in 
India  are  those  made  of  cotton,  and  called  stttrtmjees,  of 
different  colours,  usually  blue  and  white,  in  red  or  orange 
stripes,  squares,  or  stars ;  some  of  large  size,  and  well 
suited  for  halls  and  tents.  They  are  thick  and  strong  in 
texture,  the  two  surfaces  alike,  smooth  and  without  pile. 
They  are  manufactured  in  different  parts  of  India,  and 
good  specimens  were  sent  from  Moorshedabad  and  Rung- 
pore,  some  good  coloured  kinds  from  Agra,  and  a  fine 
large  one,  woven  in  one  piece,  from  Ahmedabad. 

Another  kind  of  cotton  carpet  is  that  with  a  pile  of 
cotton,  and  similar  in  appearance  to  a  Turkey  carpet.  Two 
good  specimens  were  sent  from  Sasseram, — white,  with  a 
centre  and  border  of  blue.  Others,  with  every  variety  of 
coloured  pattern,  from  Hyderabad,  &c. 

Silk  is  another  material  of  which  carpets  are  made  in 
the  East;  and  the  pile  being  of  silk,  imparts  both  softness 
and  richness  to  the  surface,  while  the  colours  are  clear 
and  brilliant.  A  few  very  splendid  specimens  of  such 
carpets  were  exhibited,  especially  the  large  one  which  was 
hung  up  to  the  eastward  of  the  tent,  and  was  contributed 
by  Maharajah  Goolab  Sing.  It  was  as  beautiful  a  speci- 
men of  variety  in  the  pattern,  brilliancy  in  the  colouring, 
as  well  as  of  pleasing  harmony  in  the  whole,  as  any  in  the 
Exhibition  building.     A  smaller  one,  of  the  same  pattern, 
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WB3  laid  within  the  tent,  together  with  another,  m  ii« 
Bame  style,  from  Mooltan.  Other  silk  carpets,  but  d 
small  size,  were  sent  from  Taajore,  Hyderabad,  and  Kir 
pore.  Woollen  carpets,  of  large  siwr,  and  of  beautiful  sti: 
well-coloured  Oriental  patterns,  were  sent  from  Minapi':' 
and  from  Goruekpore.  The  former  ia  most  famous  ;. 
India  for  its  carpets,  and  which  are,  I  believe,  fre<juoi!.. 
sold  in  this  country  as  Turkey  carpets.  A  large  ai^ 
was  also  exhibited  from  Bangalore ;  but  the  maniifs 
having  ambitiously  atlempted  a  European  pattern, 
effect  was  generally  pronounced  unfavourable  to  the 
tion  of  the  much-admired  Indian  style.  The  rugs  fmni 
Eliore,  on  the  contrary,  were  universally  admired  for  ibtif 
general  characteristics  of  Oriental  pattern  and  colourinci 
and  these,  as  well  as  the  large  carpets  from  Mirwipiirt, 
&c.,  which  wen^  all  in  the  same  style,  seem  well  adapted 
for  sale  in  Europe. 

Two  carpets  are  worthy  of  notice,  as  having  been 
the  one  by  the  convicts  in  the  gaol  of  Cawnporr,  and 
other  by  the  reformed  Thugs  in  the  Government 
of  InduBti-y.     Thia  was  made  to  fit  the  large  tent 
was  pitched   outside   the  building,  and   wlueb   did 
attract  so  much  attention  as  it  ought  to  have  done,  lliaogib 
it  showed  the  capabiUty  of  the  reformed  Thugs  and  their 
families  of  making  tents  in  the  best  style. 

Though  we  are  without  all  the  requisite  details, 
may  yet  form  a  good  idea  of  the  manufacture  from 
model  of  the  carpet-loom,  with  an  illustrative  drawing 
from  Hooiisor.  In  this  we  see  five  weavers  seated  before 
the  per|)endicular  loom,  with  a  foreman  seated  with 
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in  hand^  apparently  giving  directions  to  tbe  weavers  of 
what  they  were  to  do. 

III.  Manual  and  Mechanical  Arts. 

Lace-makinff, — Lace  is  a  term  nnluckily  applied  to  two 
very  distinct  arts^  one  consisting  of  gold  and  silver  wire^ 
or  even  silk  thready  woven  into  ribands  for  embroidering 
hats  and  uniforms.  The  other  is  the  well-known  trans- 
parent network^  in  which  the  threads  of  the  weft  are  twisted 
round  those  of  the  warp;  it  may  be  made  of  silk^  flax^  or 
cotton^  or  even  of  gold  and  silver  thready  and  has  usually 
a  pattern  worked  upon  it^  either  during  the  process  of 
making  the  lace^  or  with  a  needle  after  this  has  been  com- 
pleted. Though  much  lace  is  now  made  by  machinery^ 
the  highly-esteemed  genuine  article  is  made  by  hand ;  and^ 
therefore^  may  fitly  commence  the  series  of  arts  which 
depend  chiefly  on  manual  dexterity.  Lace-knitting  is 
considered  to  be  a  German  invention ;  but  lace  worked  by 
the  needle  is  of  far  older  date^  and  was  probably  an  Eastern 
invention,  though  it  does  not  appear  to  have  been  known 
or  practised  in  India.  Lace,  however,  is  enumerated  by 
Gen.  Cullen  as  being  made  in  the  territories  of  the  Rajah 
of  Travancore;  and  the  Madras  Central  Committee,  in 
their  final  report,  state,  that  "  the  lace  of  Nagercoil,  which, 
though  knit  by  natives  of  the  country^  was  declared  equal 
to  the  best  French  lace.  A  few  of  the  European  residents 
are  already  aware  of  the  superior  quality  of  the  lace,  and 
use  it,  but  its  beauty  is  well  deserving  of  being  more 
generally  made  known  than  it  at  present  is.''  The  lace, 
when  seen  at  the  Exhibition^  was  much  admired,  and  some 
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■aid  that  it  must  have  been*  made  in  France.  But  tbe 
duubt  may  easily  be  resolved,  and  advantage  would  lesob 
to  all  parties,  by  giving  orders  for  some  of  tbis  lace  to  the 
native  workers  in  Travancore.  Samples  of  six  diffemil 
kinds  were  sent.  Gold  and  silver  blond  lace  are  botii 
excellent  of  tbeir  kinds,  but  as  the  demand  is  limited,  and 
fashion  changeable,  they  might  not  always  command  I 
sale.  But  the  broad  black  lace  on  wire-ground,  and  the 
broad  white  and  fine  lace  on  Brussels  ground,  and  of  tht 
nature  of  Bedfordshire  lace,  are  highly  approved  of  by  the 
best  authorities.  The  broad  being  thought  worth  i 
shillings,  and  the  narrow  worth  two  shillings  a-ymrd. 

Knitting  appears  to  be  unknown  to  the  natives  | 
India,  though  it  is  well  worthy  of  being  taught  Ihem ;  I 
indeed,  it  has  been  in  the  few  girls'  schools  which  I 
natives  have  allowed  to  be  established. 

Net-making,  or  the  art  in  which  the  fabric  is  reqni 
to  be  transparent,  but  in  which  the  fibres  are  decuss 
and  retained  in  their  places  by  knots,  that  the  interstices 
may  retain  their  form  and  size,  and  prevent  objects  from 
escaping,  seems  to  have  been  known  in  the  earliest  ages  in 
Egypt,  and  is  practised  with  the  greatest  skill  on  the 
coasts  of  Bombay  and  of  Scinde,  as  well  as  on  the  rivers 
of  India.  A  great  variety  of  nets,  from  a  few  to  fifty 
fathoms  in  length,  are  fully  described  in  the  "  Illustrated 
Catalogue,"  Those  from  Singapore  are  interesting,  as 
some  are  made  with  cotton,  and  others  with  the  fibre 
which  is  very  similar  to,  if  not  identical  with,  that  forming 
the  so-called  China  grass. 

Needle-work. — ^Though  the  manufacture  of  needles  i 
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said  to  have  been  fint  introdaced  into  England,  in  the 
year  1540,  by  a  native  of  India,  and  afterwards  by  a 
German,  the  needle  itself  u  not  nrnch  osed  by  the  Hindoo 
inhabitants  of  that  eonntry.  This  seems  unaccountable 
in  so  anciently  civilized  a  country,  as  the  needle  would 
seem  to  be  required  for  making  clothes  for  even  the  poorest 
of  its  inhabitants.  But  the  Hindoos,  both  male  and 
female,  have  the  art  of  completely,  and  yet  elegantly, 
enveloping  the  person  in  long  pieces  of  cloth  (their  sarees 
and  dopullaa)  just  as  they  come  from  the  hands  of  the 
weaver.  [The  figure  of  a  woman  cleaning  cotton  was  here 
pointed  out.]  The  needle  applied  to  sewing  is,  however, 
essential  to  make  the  dresses  of  the  Mahomedans;  and 
without  supposing  that  the  needle  was  quite  unknown,  as 
"  sewers  of  cloth "  are  mentioned  by  Manu,  and  it  was 
well  known  in  China,  it  is  to  the  Mahomedans  chiefly,  or 
to  other  Northern  invaders  of  India,  that  the  introduction 
of  the  needle  and  its  uses,  as  well  as  the  art  of  em- 
broidery, are  due.  The  Arabs,  probably,  introduced  the 
manu&cture  of  needles  into  Spain;  as  Spaoish  needles 
were  at  one  time  famous.  They  are  manufactured  in 
India  from  fine  wire.  [A  small  box,  with  fine  needles,  in 
different  stages  of  manufacture,  was  here  shown  from  the 
north-west  of  India.] 

The  art  of  Sewing  u  now  practiaed  in  India  chiefly 
by  men,  who  are  Mahomedans.  They  form  the  class  of 
tailors  {durzeeg),  who  make  the  dresses  of  their  Malio- 
medan  brethren.  One  is  usually  kept  in  the  service 
most  Europeans. 

"  Danmtg  (rajv-geri)   is  a  brancli  "T    Im 
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though  in  Europe  applied  to  the  moat  homely  purpoaei, 
requires  the  greateBt  skill  in  the  East,  nfaere  a  defrct  in  i 
costly  shawl  ta  to  be  made  ^od,  or  a  coarse  thread  is  lo 
he  picked  out  of  a  piece  of  niuslia  into  which  it  has  been 
accidentally  introduced.  So  skilful  are  some  of  thrac 
rafugars,  that  they  can  extract  a  thread  twenty  yards  Iode 
from  a  piece  of  the  linest  muslin,  and  replace  it  with  one 
of  the  finest  quality.  They  are  principally  employed  in 
repairing  the  muslins  and  calicoes  that  are  injured  dui 
bleaching,  in  removing  knots  and  joining  broken  threads; 
also  in  forming  the  gold  and  silver  headings  on  clotha.'jJ 

TATLOtt. 

Embroidery. — The  art  of  embroidery  was  knowiffl 
and  practised  with  great  skill  in  ancient  times  in  ] 
Assyria,  and  I'crsia.  The  Israelites  learnt  the  art  I: 
their  exodus,  the  Babylonians  were  fumed  fur  their  t 
tapestries,  and  the  Assyrian  nionunieuts  display  richly 
embroidered  robes  and  trappings.  Many  parts  of  Indii 
are  famous  for  this  ait  (Zur-do-zi).  ''  From  Dacca," 
the  Abbe  de  Guyon,  in  1744,  as  quoted  by  Mr.  Ta^ 
"  come  the  finest  and  best  Indian  embroideries  i 
silver,  or  silk;  and  those  embroidered  neckcloths  and  fine 
muslins  which  are  seen  in  France."  There  has  always 
been  a  demand  for  such  scarves  fur  the  markets  of  6a:jsorB 
and  Java.  In  the  present  day  we  have  silks  and  woollens, 
muslins  and  nets,  Cashmere  shawls,  European  velvets 
embroidered  with  silk  or  lussur,  that  is,  wdd  silk  of  either 
floss  or  common  twisted  silk  thread:  or  with  gold  and 
silver  thread  and  wire  in  great  variety.  Mr.  Tayl« 
describes  the  cloth  to  be  embroidered  as  stretched  out  i 
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a  horizontal  bamboo  frame^  raised  about  a  couple  of  feet 
from  the  ground^  and  the  figures  intended  to  be  worked 
or  embroidered  are  drawn  upon  it  by  designers^  who  are 
generally  Hindoo  painters.  On  woollen  cloths  the  out- 
lines are  traced  with  chalky  and  on  muslin  with  pencil^ 
and  the  body  of  the  design  copied  from  coloured  drawings. 
The  embroiderers^  seated  upon  the  floor  around  the  frame^ 
ply  the  needle  by  pushing  it  from>  instead  of  towards^ 
them.  In  place  of  scissors  they  commonly  use  a  piece  of 
glass  or  China  ware  to  cut  the  thread. 

Among  the  embroidered  articles  those  from  Dacca  and 
from  Delhi  are  probably  the  best  known.  In  the  latter^ 
small  shawls  and  scarves  are  chiefly  embroidered  both  with 
floss  and  twisted  silk;  in  the  former^  both  nets  and  muslins^ 
with  floss  silk  of  various  colours.  But  Dacca  is  also  famous 
for  its  embroidery  of  muslins  with  cotton^  which  is  called 
chikankari  or  chikan-dozee,  and  of  which  specimens  of 
difierent  articles  of  clothing  have  been  sent  from  Calcutta ; 
also  an  infant's  robe  of  grass-cloth^  worked  at  Serampore^ 
and  a  scarf  and  handkerchief^  pine-apple  fibre  from  Madras. 
One  kind  is  "  formed  by  breaking  down  the  texture  of 
the  cloth  with  the  needle^  and  converting  it  into  open 
meshes."  Mr.  Taylor  states  that  Kashida  is  the  name 
given  to  cloths  embroidered  with  muga  silk  or  coloured 
cotton  thread ;  and  though  generally  of  a  coarse  descrip- 
tion, gives  occupation  to  a  number  of  the  Mahomedan 
females  of  Dacca.  Though  the  scarves  of  both  Delhi  and 
of  Dacca  are  much  admired,  it  has  been  suggested  to  me 
by  a  lady,  that  muslins  or  nets,  worked  so  as  to  be  suit- 
able for  making  ball-dresses,  would  probably  be  in  great 
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demand,  as  those  which  are  now  sold  here  for  such  pur- 
poses are  very  inferior  in  taste  and  elegance  to  the  Indiau 
embroidery.  The  beetle-wing  embroidery  from  Madm 
was  particularly  elegant :  and  the  velvet  awnings,  musoud 
covers,  hookah  carpets,  and  elephant  trap})ings,  embroid- 
ered with  gold  and  silver,  chiefly  at  Moorshedabad  aod 
Benares,  were  admired  as  well  for  richness  as  for  the  skill 
with  which  the  ground-work  waa  allowed  to  relieve  the 
omanieuts.  The  embroidered  saddles  and  saddle-clotb, 
and  floor-coverings  from  Pattiala,  Moollan,  and  Lahore, 
were  of  the  usual  style  of  what  are  called  the  works  of  thai 
famed  valley,  and  which  was  conspicuously  shown  in  the 
dresses,  caps,  and  slippers  fi-om  Cashmere  itself.  But  tbil 
the  skill  and  taste  are  not  confined  to  one  part  of  Indii 
was  also  to  be  seen  in  the  table-covers  from  Tatta  in 
Scinde,  and  in  the  embroidered  boots  from  Khjrpoor, 
which  have  been  immortalized  by  Mr.  Digby  Wyatt. 

Though  not  coming  exactly  uuJer  the  head  of  em- 
broidery, we  may  yet  mention  here,  on  account  of  a  similar 
effect  being  produced,  the  saddle-cloths  and  matchlock 
accoutrements  from  the  Rajah  of  Kotah,  where  a  patteru 
is  produced  with  gold-headed  nails,  which  arc  fixed  into 
green  velvet.  The  effect  of  this  was  so  good  as  tfl  be 
greatly  admired  by  some  of  the  best  judges,  and  among 
others  by  our  Chairman.* 

Jewellery. — Workers  in  iron  and  steel  could  never 
have  found  difficulty  in  managing  gold  and  silver,  for 
which  indeed  the  East  has  always  been  famous.     Working 
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I  gold  was  familiar  to  the  Egyptians  before  the  exodus 
f  the  Israelites.     Some  gold  has  always  been  washed  out 
laad  ia  India.     Small  quaatities  have  been  sent 
f  the  Exhibition  from   different  parts  of  the  country,  and 
I  gold-washer's  apparatus  from  Rohilcund.      That  the 
indoos  have  long  been  familiar  with  its  appUcations  we 
D  the  hymns  of  Rig  Veda,  where  golden  armour  and 
n  chariots,  and  decorations  of  gold  and  jewels,  are 
?utly  mentioned.     The  variety  of  ornaments  and  of 
which  have  been  displayed,  show  their  skill  in  work- 
;   it    np.     Mr.  Hamilton   sent    from   India  a  series  of 
Kimeus  of  gold  and  silver  in  different  stages,  to  show 
)  process  of  making  gold  wire.     The  rose  chain  from 
lichiuopoly,  and  the  snake  ebains  sent  by  the  Rajah  of 
xianagrum,  all  display  great  skill  in  the  workmen,  as 
>  the  silver  filagree  work  from  Hyderabad,  for  which 
lek  and  Dacca  are  most  famous,  and  display  greater 
£cacy  and  beauty  than  either  Genoa  or  Malta.     Much 
wcllcry  being  peculiar  in  form,  and  in  the  ways  in 
^ich  it  is  worn,  was  not  so  much  admired  in  this  country 
I  the  skill  of  the  workman  otherwise   deserved.      The 
articles  usually  made  in  filagree  work  are  bracelets,  ear- 
rings, brooches,  and  chains,  groups  of  flowers,  uttardans, 
and  small  boxes  for  native  uses.     Of  all  these  beautiful 
specimens  were  scut.     Mr.  Taylor  says,  "  The  design  best 
adapted  for  displaying  the  delicate  work  of  tilagree  is  that 
of  a  leaf;  it  should  be  drawn  an  stmtt  r"r"r  -i-^'^    fthe 
exact  size  of  the  article  iutcndod  to  \f 
ratus  used  in  the  art   ic  r«^»J" 
merely  of  a  ffiv  mm" 
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blow-pipe,  small  hammers  for  flattcniag  the  wire,  and  k-- 
of  forceps  for  intertwisting  it." 

The  art  of  making  gold  wire,  that  is,  silver  covprt 
with  gold,  as  shown  in  the  Npecimens  stnt  by  Mr.  [I< 
milton,  is  practised  in  various  parts  of  India,  an  Dsr  : 
and  Hyderabad,  as  wdl  as  Delhi  and  Benares.  "  Sevml 
varieties  of  gold  and  silver  thread  (badla)  are  made  ai 
Dacca,  as  goolabatoon  for  the  embroidery  of  miislim  uid 
silks;  goakoo  for  caps  and  covering  the  handlijs  of  choa- 
rics;  gulmah  for  turbans,  slippers,  and  huokah-snakits ; 
and  booiwi  for  gold  lace  and  brocades."  Much  fringir  <! 
various  patterns  is  made,  and  thin  ttnaet  stamped  iv.: 
various  forms  of  flon era,  or  impressed  with  excellent  m\- 
tations  of  jewels,  such  &s  flat  diamonds,  emenldi,  uti 
rubies. 

It  may,  perhaps,  have  escaped  notice  that  many  of  the 
ornaments  which  were  exhibited  were  such  as  are  made 
only  for  the  poorer  classes,  for  tustance,  imitations  of 
precioua  atones,  ornaments  in  pewter,  in  shell,  and  lac, 
and  still  sinipler,  a  bracelet  with  straw  to  represent  the 
gold,  and  the  red  seeds  o(  Abrus  precatorius  in  the  place 
of  garnets. 

Carving. — The  term  Caning,  as  ia  well  known,  u 
.the  present  day,  applied  to  the  cutting  into  particn 
^akB)>es  and  patterns  different  materials,  such  as  wood, 
l^lioni,  and  ivory.  Wood-carving  the  natives  must  have 
[  practised  from  very  early  times,  probably  for  their  idols, 
B  well  as  for  calico-printing,  as  they  have  long  used  wood- 
'  blocks  for  this  purpose.  They  are  fond  of  carving  nuny 
of  their  ordinary  utensils,  as  spinning-wheels,  &c. ;  | 
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their  skill  w«s  shown  in  the  carving  of  the  blsck  wood 
fdrnitore  from  Bombay,  espedaUy  in  the  eleguice  of  the 
patterns  of  the  baeks  of  the  chaira,  and  sofas,  in  thtt  side- 
boards and  book-cases.  So  also  in  the  ebonj  screens  from 
Madras,  carred  by  Moangapa  Achong,  a  native  carpenter 
of  Madras,  withont  any  European  as»stance.  Such  fur- 
niture is  well  adapted  for  even  the  best  English  booses. 

A  variety  of  specimens  of  carving  in  ivory  have  been 
sent  &om  different  parts  of  India,  and  are  much  to  be 
admired,  whether  for  the  sise  or  the  minuteness,  for  the 
elaborateness  of  detail  or  for  the  truth  of  representation. 
Among  these  (he  tvory-carvers  of  Berhampore  are  con- 
spicuous. They  have  sent  a  little  model  of  themselves 
at  work,  and  using,  as  is  the  custom  of  India,  only  a 
few  tools. 

The  set  of  chessmen  carved  &om  the  drawings  in 
Layard's  "Nineveh,"  were  excellent  representations  of 
what  they  could  only  have  seen  in  the  above  work ; 
showing  that  they  are  capable  of  doing  new  things  when 
required ;  while  their  representations  of  the  elephant  and 
other  animals,  are  so  true  to  nature,  that  they  may  be 
considered  the  works  of  real  artists,  and  should  be  men- 
tioned rather  under  the  head  of  Fine  Arts  than  of  mere 
manual  dexterity. 

The  carvings  in  the  same  material  in  the  state  chair 
from  Travancore  were  greatly  admired,  and  from  the 
tmth  of  representation  on  a  minutp  rchIr,  wh«re  an 
I  eaclosed  in  the  shell  of  a  pea,  from  Culicut ; 
)  of  minute  carving  sent 
e  chourieB, 
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m  tj-^fB*,  wImsc  tbr  nwj.  or  aMMU-wood^  i 
Mto  liBg  hK^ttc  ducadt,  are  alao  apemoeaB  ti  M 
wUc  thdr  >kill  in  wood-esniBf  m 
I  n  tfar  elaborate  dctaiU  «f  it> 
I  the  Malabar  coast,  and  tim  B 
tk  M^  iifcikliil  by  Mr.  Hansfiekl  irota  Ahm 
aad  k  ife  fTMiiiii  Hfla  bum  Catch,  also  i 
■i^  ti  aa  Afriaa  wod,  fron  tbe   Rao  of  Culck^ 

Ba<  ife  afcS  af  tbe  Infim  eamcT  ia  oonspicnoadt 
ihavB  ia  thr  btaai^,  both  of  tke  GgnRs  of  the  Rajah  ai 
■iBce  of  TranaaeaRv  and  of  Ike  bnildioga,  in  m  hA 
md  yirHii^  a  ■«£»)  ■■  pilb,  or,  ntber,  in  the  pitk- 
Oc  steaM  «f  tW  Banb-pknt  cdkd  abola  (.£cciyM>MM 
«p«ra).  Ia  the  fatter  all  the  cfaborate  detail  of  the 
lieUr  ocaaiaaited  Hiadoo  architecture  of  the  Sooth  tt 
I1M&  M  oKfalij  bnn^fat  oaL  For  thu  WQrk  onlj  tm 
hnlB  aecin  to  be  emplored,  — one  a  large  and  beaVT  btdt, 
the  other  with  a  fine  ahup  tmtting  edge. 

Baidfa  these,  we  hare  cocoa-aat  shells  and  gaatih 
eaived  aad  made  iato  cops,  raKs,  and  niiiff-baxca;  sbo 
At  heenel  of  the  eocua-nat  variously  cnt,  for  mtkiif 
gMlmdii  far  itate  occasioas. 

hk  Bonamon  with  theae  camd  works  might  be  ma- 
tioned  a  nvmber  of  oXAar  awaa^e/ares,  in  which  thr 
natina  display  great  skill  and  neatness,  as  well  as  Ihnt 
bahitaal  taste;  for  instance,  in  their  work  (and  olhtr} 
boxes  of  ivoi7,  bom,  01  porcupine  quill,  ebony  »ai 
■andal-wood,  their  fans  and  umbrellaa,  chouries,  ui 
khnskboB  or  other  baskets,  hookab-snakea,  ii» 
fruits  and  floirers,  toys  and  puzzles. 
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AmoDg  these  I  ought  not  to  omit  meDtioaiDg  the 
skill  with  which  the  nnyieldiiig  anbatance  of  a  hard  thick 
shell  is  coDTerted  into  necklacea  for  the  men  and  into 
bracelets  for  the  women.*  The  tools  as  well  aa  the 
shells  in  different  atagea  of  manufacture,  having  been 
sent  by  Dr.  Wise  and  hy  Mr.  Mytton,  we  can  see  the 
different  steps  of  the  process,  and  how  skilfully  means 
are  adapted  to  ends. 

In  connexion  with  the  aheU-workera  of  Dacca,  I 
ODght  to  notice  the  works  in  horn  from  Vizagapatam, 
in  the  Northern  Circara,  as  well  as  ^m  Viziadroog  in 
the  Concan,  in  which  the  excellent  poliBb  of  all,  the 
transparency  of  some,  and  the  elegant  forms  of  others 
of  the  articles,  show  that  the  difficulties  of  the  manu- 
facture have  been  overcome  in  this,  aa  in  so  many  other 
aabatances,  especially  in  the  articles  prepared  by  a 
carpenter  of  Viiiadroog. 

Wbrkijtff  m  Stone.  —  Working  in  stone,  polishing  the 
hardest  surfaces,  engraving  its  surface  with  imperishable 
records,  and  sculpturing  it  into  vsrioua  forms,  even  ex- 
cavating gigantic  temples  out  of  the  solid  rock,  are  all 
departments  of  sculpture  and  engraving  to  which  the 
Hindoos  have  paid  attention  &om  the  earliest  times;  atid 
their  buildings  are  conspicuous  for  a  quality  for  which 
those  of  Egypt  have  often  been  admired ;   that  is,  the 

*  "  The  manuTactiire  of  ehell  bracelets  is  one  of  the  indigenous  arts 
of  Bengal,  in  wfaicli  the  cBHte  of  Sankari  at  Dacca  eioel.  Tho  chania 
of  vhich  thej  ve  made  are  large  concave  sheila  (valuta  gravit,  Linn.), 

L  ilRjiiiiUj  Into  ColcQlld  itoin  Uoinnail  i-iii'l  Siiuth  Lnilia,  opiiosit»  to 
nylon,  *sA  fitm  Uu  MaUiTC  laluds.'  —  Tivlub. 
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exquisite  polish  and  glass-like  appearance  of  some  of  tlie 
hardest  graaite.  Dr.  Kennedy  has  fortunately  given  ii> 
Kn  account  of  the  process  by  which  they  effect  this. 
"  The  tools,"  be  says,  "  which  the  Hindoos  use,  are  a  amill 
etcel  chisel  and  an  iron  mallet.  The  chisel,  in  length, 
is  not  UKire  than  about  twice  the  breadth  of  the  hand  of 
the  UindoD  workman ;  wliich,  as  is  well  known,  is  very 
small ;  and  it  tapers  to  a  round  point  like  a  drawiQg- 
pencil.  The  mallet  also  ia  iron,  a  little  larger  than  the 
chisel,  but  not  weighing  more  than  a  few  pounds.  It 
has  a  head  fixed  on  at  right  angles  to  the  handle,  vritb 
only  one  striking  face,  which  is  formed  into  a  tolerably 
deep  hollow,  and  lined  with  lead.  With  such  simp^ 
instruments  tfaey  formed,  fashioned,  and  scooped  ' 
granite  rock  which  forms  the  tremendous  fortress  ^ 
Dowlutabad,  and  excavated  the  wonderful  caverns  i 
EUora ;  for  it  seems  by  no  means  probable  that  the 
Hindoo  stone-cutters  ever  worked  with  any  other  tools." 
Dr.  Kennedy  adds,  "The  traces  of  the  pointed  chi 
are  still  visible  on  the  rocks  of  Dowlatahad,  as  they  ii 
also  on  some  of  the  great  works  of  Egypt." 

The  stone  having  been  brought  to  a  smooth  surf 
it  is  next  dressed  with  water  in  the  usual  way,  andJ 
then  polished  in  the  following  manner;— 

A  block  of  granite,  of  considerable  size,  is  rudely 
fashioned  into  the  shape  of  the  end  of  a  large  pestle. 
The  lower  face  of  this  la  hollowed  out  into  a  cavity,  and 
this  is  filled  with  a  mass  composed  of  pounded  corun- 
dum-stone, mixed  with  melted  bees-wax.  This  block  ia 
moved  by  means   of  two   sticks,   or   pieces   of  banibi 
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placed  on  each  aide  of  its  neckj  and  bound  together  by 
corda,  twisted  and  tightened  by  aticks.  Thie  weight  of 
the  whole  is  such  as  two  workmen  can  easily  manage. 
They  seat  themselveB  upon,  or  close  to,  the  stone  they 
are  to  polish,  and  by  monng  the  block  backwards  and 
forwards  between  them,  the  polish  is  given  by  the  friction 
of  the  mass  of  wax  (8Dd  lac  F)  and  conindam. 

Nearly  the  same  materials,  and  with  a  still  greater 
degree  of  success,  are  employed  in  polishing  such  delicate 
articles  as  beads  and  bracelets  j  elegantly  shaped  cupi, 
or  the  models  of  cannon.  Of  the  processes  employed,  a 
very  interesting  account,  which  is  published  in  the 
"  Illustrated  Catalogue,"  is  given  by  Mr.  Summer  of 
Cambay.  The  stones  are  first  fixed  on  a  steel  spike,  and 
there  roughly  rounded  with  an  iron  hammer,  and  then 
polished  with  a  composition  of  lac  and  corundum  variously 
applied.  The  holes  are  bored  with  a  steel  drill,  tipped 
with  a  small  diamond.  Cups  and  saucers,  and  similar 
hollow  articles,  are  wrought,  according  to  the  required 
external  shape  on  the  steel  spike,  and  a  rough  polish 
given  on  the  rough  polishing  stones.  The  cavity  is 
formed  by  the  diamond-tipped  drill  to  the  depth  of 
one-fourth  of  an  inch  all  over  the  space,  until  it  exhibits 
an  honeycombed  appearance ;  the  prominent  places  round 
the  holes  are  then  chipped  away ;  and  this  process  is 
repeated  until  the  depth  and  form  desired  are  obtained. 
They  are  then  polished  upon  prepared  moulds  of  convex 
forms,  and  of  the  same  composition  aa  the  pnlishing- 
plates  which  are  attached  to  the  turning-wheel. 

The  materials  which  are   thus  workeJ    upon  are   the 
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s^t^a,  crystalg,  and  comeliaDN,  as  well  as  blood-s 
round  in  the  neighbourhood  of  Cambay,  and  which  i 
people  fancied  must  have  been  sent  out  from  GerrauiT. 
bat  of  which  there  is  an  abundant  supply  in  India,  both 
near  Cambay,  and  in  the  Soane  and  Kane  rivers  far  lo 
the  east  of  that  locality. 

The  above  relation  is  interesting,  not  only  on  ita  own 
account,  but  also  as  explaining  how  the  beautiful  agate, 
jade,  and  crystal  cups,  which  were  purchased  at  Lahore, 
and  exhibited  in  the  jewel-cases  of  the  Indian  coUeciioit, 
may  have  been  made.  It  has  been  supposed,  that  t 
mode  of  making  tliese  jewelled  cujis  is  at  present  I 
known.  But  as  we  know  the  details  of  the  ntanufac 
at  GambHy,  there  sfcnis  no  insurmountable  difficulty  in 
working  out  the  agale  and  jade  cups  of  Lahore  ;  of  vrhich, 
though  some  are  plain  and  polished,  others  have  t 
surfaces  elegantly  caned,  and  not  a  few  inlaid 
precious  stones,  and  all  conspicuous  for  the  beauty  I 
their  forms.  Can  these  dilfei'ent  vessels  of  crystal,  agate, 
and  jade,  be  the  famed  Kastern  cups,  of  which  some  were 
called  vasa  murrfiinx  ? 

Those  who  can  give  a  luslions  polish  to  granite,  and 
appear  to  mould  crystal  cups  into  as  elegant  forms  as 
the  softest  clay,  can  find  no  difficulty  in  carving  c 
stone  or  in  cutting  marble.     But  the  elegance  and  variaj 
of  the  patterns  into  which  both  sandstone  and  marble  ■ 
cut,  is  conspicuous  in  the  open  lattice-work  with  whi 
tombs  are  surrounded  in  north-west   India.     These  i 
moreover,    remarkable    for    the  light    and    aerial,    all 
lace-tike    appearance  with    which    they   impress    the 
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server  at  a  little  distance.  Two  good  specimens  of  these 
screens  in  sandstone  were  sent  from  Mirzapore,  and  on 
a  smaller  scale  from  Boondee.  The  same  elegant  style 
of  work^  but  of  less  elaborate  patterns,  was  conspicuous 
in  the  splendid  marble  couches  and  chairs  presented  to 
Her  Majesty  by  the  Rajah  of  Nattore.  The  marble  vases 
and  vessels  from  the  Rajah  of  Johdpore  were  also  remark- 
able for  elegance  of  form  and  fineness  of  polish ;  while  the 
swans  and  fish,  which  though  made  of  marble  yet  could 
swim  on  water,  showed  the  attention  paid  to  the  buoyant 
effects  of  air  when  enclosed  in  so  heavy  a  substance  as 
stone.  The  stone-work  from  Oaya  also  displays  the  skill 
of  the  workmen ;  but  here  the  turning- lathe  has  also 
been  employed  to  give  a  finish  to  the  external  form  of 
the  vessels :  but  the  dish  with  the  fig-leaves  carved  on 
its  upper  surface  is,  for  its  thinness  and  the  taste  dis- 
played in  its  design,  an  elegant  specimen  of  carving  in 
stone. 

The  Turning-lathe^  which  has  just  been  mentioned  as 
employed  for  giving  a  finish  to  the  external  forms  of 
vessels  of  stone,  is  also  employed  by  the  natives  for  wood- 
work, as  for  making  toys,  &c.  The  latter  are  much 
esteemed  in  India,  from  the  difficulty,  if  not  impossibility, 
of  children  being  able  to  remove  the  colour  from  their 
surface,  in  consequence  of  the  covering  of  a  varnish  of 
lac.  Some  beautiful  specimens  of  turning  have  been 
sent  from  Bombay,  in  the  shape  of  vases  and  boxes;  as 
well  as  of  balls,  a  number  of  which  are  contained  one 
within  another.  The  patterns  upon  these  various  articles 
are  to  be  admired,  as  well  as  their  external  forms.  They 
were  made  atJHyderabad  in  Sindh. 
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IV. — Fine  Arts. 

The  Pine  Arts,  as  the  term  is  generally  undi 
have  not  attained  such  a  degree  of  eicellence  in  Ii 
to  bear  any  Tavourable  comparison  with  the  state 
fine  arts  in  Europe  ;  yet  there  are  some  things  under  this 
head,  and  not  beyond  the  limits  of  the  Exhibition,  which 
are  not  unworthy  of  notice. 

Painting,  being  an  imitative  art,  must,  no  di 
been  practised  in  some  form  by  all  the  nations  of 
tiquity.  We  know  that  in  Egypt  hieroglyphics  precei 
the  art  of  writing,  and  that  the  tombs  display  ev( 
variety  of  Egj'ptian  painting.  But  the  Hindoos 
never  to  have  paid  great  attention  to,  or  eicelled  in,  thi* 
art;  though  they  have  shown  their  good  sense  io  em- 
ploying artists  to  design  patterns  for  their  teitile  fabrics, 
and  even  to  draw  them  on  the  shawls  and  scarves  whid) 
are  to  be  embroidered. 

The   Hindoo   painters   are    admirable    delineators  of 
objects  of  natural  history;  hence,  most  of  the  illustrated 
works  which  have  been  published  on  the  Indian  branches, 
of  this  subject  have  usually  been  drawn  by  native  artii 
several    of  whom    are    constantly  employed  in    the   £i 
Indian   Company's  Botanic   Garden   at  Calcutta. 
are  usually  faithful  copyists,  but  are  often  objected  to 
being  stiff  in  their  style,   and  not  paying  sufficient   . 
tention  to  perspective ;   but  this   is   hardly  worse 
the  artistic  palm-trees  which  one  sees  in  European 
ings,  and  which  are  very  unlike  those  with  which  Nat 
adorns  her  own  pictures. 

The    only  paintings  by  the    native   artists  which 
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have  had  in  the  Exhibition  are  several  series  in  talc,  some 
from  Trichinopoly,  and  the  others  from  Delhi :  the  latter 
giving  a  representation  of  the  different  o£Scers  and  dresses 
at  the  Mahomedan  ceremony  of  the  Mohurran,  and  of  the 
different  servants  in  the  employ  of  Europeans ;  while  the 
trades,  as  well  as  many  agricaltural  operations,  were 
represented  in  the  drawings  from  the  south. 

The  paintings  are  generally  small,  and,  therefore,  do 
not  attract  much  attention.  Some  of  those  painted  at 
Delhi  on  ivory  are  very  beautiful,  resemble  enamels,  and 
are  frequently  worn  in  brooches  and  bracelets. 

Though  the  Indian  paintings,  as  those  mentioned, 
are  usually  small,  there  are  some  of  considerable  size 
and  of  great  antiquity  in  the  different  rock-hewn  temples 
of  Western  India.  Great  fears  having  been  entertained 
that  the  whole  might  in  course  of  time  become  destroyed, 
the  Court  of  Directore  some  time  since  took  measures  to 
have  copies  of  all  of  them  made.  Several  of  these  from 
the  caves  of  Ajunta  have  arrived,  and  are  displayed  in 
the  library  of  the  India  House. 

Sculpture. — Under  the  head  of  Sculpture  many 
things  are  often  included  which  are  now  usually  con- 
sidered to  be  distinct  branches  of  the  art:  some  con- 
sisting in  the  art  of  producing  figures  upon  wood,  gems, 
or  metal ;  while  the  term  Statuary  is  confined  to  the  art 
of  making  statues  or  busts.  In  this  the  Indians  have  not 
attained  any  excellence;  though  the  opportunities  are 
great  of  seeing  the  human  figure  as  well  at  the  ordinary 
occupations  of  life  as  in  their  gymnastic  schools,  and  they 
have  had  considerable  employment    in   sculpturing   the 
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seal,  also  die  engraving,  of  which  we  have  some  reliques  of 
antiquity  which  excel  in  their  exquisite  polish.  Engraving 
inscriptions  on  stone  is  one  of  the  most  durable  modes  of 
preserving  records,  and  has  been  practised  in  the  East 
from  the  earliest  times  of  which  we  have  any  notice.  In 
India  the  long  inscriptions  of  Kapurdegiri,  Dhauli,  and 
Girnar,  show  that  the  art  must  have  beeja  practised  in  great 
perfection  at  periods  at  least  as  ancient  as  the  expedition 
of  Alexander.  The  lath  or  pillars  at  Delhi  and  Allahabad 
are  inscribed  with  similar  inscriptions ;  and  the  numerous 
plates  of  copper  which  have  been  found  in  all  parts  of 
India,  engraved  with  grants  or  agreements  for  leases  of 
land,  and  which  have  proved  the  most  authentic,  and 
in  many  instances  the  only,  records  of  lines  of  sovereigns, 
prove  how  general  has  been  the  prevalence  of  the  art  of 
engraving  in  all  parts  of  India.  The  engraved  seals  from 
Delhi,  which  were  in  the  Exhibition,  are  excellent  speci- 
mens of  the  art  of  gem-engraving;  and  many  of  the 
precious  stones  have  been  inscribed  with  verses  from  the 
Kbran,  which  enhance  their  value  in  the  eyes  of  their 
Mahomedan  wearers. 

As  a  gold  and  silver,  as  well  as  copper  coinage,  has 
long  existed  throughout  the  country,  it  might  be  supposed 
that  this  also  was  an  art  which  had  originated  in  India; 
but  I  believe  that  the  careful  investigations  of  the  most 
competent  observers  have  not  traced  any  vestiges  of  the 
art  beyond  the  age  of  the  Seleucidae,  whose  purely  Greek 
coins  are  succeeded  by  some  having  a  Greek  inscription  on 
one  side,  and  an  Indian  on  the  other,  and  these  by  coins 
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having  n  native  inscription  on  both  sides;  Bid  this  tfarougli 
a  long  series  of  princes. 

Raising  figures  on  metal,  on  vessels,  or  on  prcctous 
stones,  U  likewise  an  original  Oriental  art;  but  as  the 
Persian  worshippers  of  fire,  as  well  as  the  Mahomedans, 
objected  to  images,  we  have  often,  therefore,  only  inscrip- 
tions where  we  might  have  had  raised  figures.  But  a  few 
of  the  Hindoo  vessels  are  ornamented  with  probably  sacred 
figures,  or  of  the  signs  of  the  zodiac,  or  with  Hindoo 
mythology,  as  is  even  a  sword-blade  from  Lahore. 

Mosaics  and  Maid  IVork. — The  art  of  cutting  marbles 
and  still  harder  substances  into  patterns,  and  then  fillios; 
them  up  with  cornelians  and  precious  stones,  is  practised 
with  great  skill  in  the  northern  parts  of  India,  as  is  evident 
from  the  vessels  of  Jade  from  Lahore,  which  are  inlaid 
with  rubies,  emeralds,  and  diamonds,  and  which  have  been 
referred  to  before,  and  may  be  mentioned  again  under  thif 
division.  So  the  marble  inkstands,  card-trays,  and  chess- 
tables,  inlaid  with  agates,  &c,,  from  Agra,  have  eieittd 
admiration,  and  had  a  prize  awarded  them.  These  speci- 
mens are  conspicuous  for  the  clear  and  well-defined  in- 
sertion of  the  different  stones,  the  delicate  and  graceful 
leaf  and  tlower- stalks,  as  well  as  for  the  happy  combination 
of  colours  in  the  flowers  and  patterns  represented.  It  is 
supposed  that  this  art  must  have  been  introduced  into 
India  in  the  time  of  .\char  or  of  Shah  -jehan  ;  for  in  build- 
ings erected  by  the  former  at  Agra,  Bishop  Heber  describes 
the  ornaments,  carving,  and  mosaic  of  the  smaller  apart- 
ments as  equal  or  superior  to  anything  in  the  Alhambra, 
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and  of  a  cascade  of  water  he  saysj  that  it  gushes  through 
marble  channels^  beautifully  inlaid  with  cornelians,  agates, 
and  jasper.  In  the  Taj-Mahul  erected  by  Shah-jehan  in 
memory  of  his  Begum,  Noor-jehan,  the  walls,  screens,  and 
tombs,  are  covered  with  flowers  and  inscriptions,  executed 
in  beautiful  mosaic,  of  cornelians,  lapis-lazuli,  and  jasper. 
These  I  have  seen  myself  and  admired,  as  well  as  similar 
works  in  the  palace  of  Delhi.  They  are  all  similar,  but 
not  superior  in  workmanship,  to  the  productions  we  have 
had  sent  to  the  Exhibition  from  the  living  artists  of  Agra. 
Drawings  are  sold,  both  at  Agra  and  Delhi,  of  these 
mosaics,  and  having  bought  them  when  there,  I  can  refer 
to  the  plants  which  are  represented.  These  ought  to  give 
some  indications  of  the  country  of  the  artists ;  and  though 
they  do  not  appear  to  be  Indian,  yet  they  are  as  like  those 
of  Caubul  and  of  Persia  as  of  Europe.  The  crown  im- 
perial, which  seems  to  be  one  of  those  represented,  is  a 
native  of  Cashmere  as  well  as  of  Europe.  If  the  art  was 
introduced  into  India  from  Italy,  the  people  may  boast  of 
not  shaming  their  teachers. 

Enamek. — Having  already  called  attention  to  their  skill 
in  enamelling,  I  need  not  do  more  here  than  refer  to  the 
beauty  of  the  flowers,  birds,  &c.,  which  are  delineated,  and 
with  the  pleasing  harmony  of  the  colours  which  they  em- 
ploy. The  specimens  of  enamelled  arms  and  jewellery 
from  Catch,  Scinde,  Kotah,  Dholepore,  Lahore,  and 
Kangra,  show  that  the  art  is  practised  with  the  greatest 
akiU  along  the  north-west  frontier  of  India.  It  is  pro- 
i^hut  if  the  form  of  the  articles  were  adapted  for 

BQti  a  considerable  sale  might  take 
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place  here  of  the  best  enamels  from  India.  A  good 
account  of  the  mode  of  enamelling  in  the  East  would  be 
very  interesting,  and  might  afford  valuable  hints. 

Patterns. — The  beauty  and  variety  of  patterns  io  the 
various  articles  which  we  have  referred  to,  as  well  in  the 
carved  or  engraved,  as  in  the  painted,  printed,  woven,  or 
embroidered  works,  combined  as  they  so  frequently 
with  harmony  of  colouring,  require  notice  in  thi 
of  our  arrangement ;  and,  as  I  have  elsewhere  said, 
we  see,  whether  we  examine  a  production  of  Dacca, 
from  Delhi,  Benares,  or  Ahmedabad,  Rajpootana,  or  Hy- 
derabad, from  Sladnis  or  from  Mooltan,  Cashmere  or 
Khyrpoor,  and  whether  in  a  common  chintK  or  in  a  fabrir 
of  silk,  or  one  enriched  with  silver  or  gold,  or  with  imi- 
tations of  gems.  In  all  we  see  the  utinost  variety  kept  in 
bounds  by  the  nicest  taste;  for  even  the  most  flowery  and 
gorgeous  appear  never  to  exceed  what  is  suitable  to  the 
material  and  the  purpose  to  which  it  is  to  be  appUed. 
Mr.  Digby  Wyatt  supposes  the  happy  effects  of  Indian 
designers  to  be  due  to  the  refinement  of  taste  engendered 
by  their  traditional  education,  and  that  this  precludes  their 
toleration  of  any  departure  from  those  harmonious 
portions  which  the  practice  of  ages  has  sanctioned  as 
pleasing  and  agreeable  ;  Mr.  Owen  Jones  states,  that 
guiding  principle  of  the  ornamentation  of  the  Orientals 
appears  to  have  been  that  their  decoration  was  always 
what  may  be  called  surface  decoration.  The  patterns  of 
their  shawls  and  carpets  are  harmonious  and  effective,  from 
the  proper  distribution  of  forms  and  colours,  and  do  not 
require  to  be  heightened  in  effect  by  strong  and  positi^ 
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oppositions.  In  their  scroll-work^  the  ornament  and 
the  ground  occupy  equal  areas.  To  obtain  this  effect 
requires  no  ordinary  skilly  and  it  can  only  be  arrived  at  by 
highly-trained  hands  and  minds.'' 

Among  the  Fine  Arts,  Music  is  usually  included,  but 
of  this  I  have  no  intention  to  treat,  beyond  briefly  stating 
that  music  has  been  paid  attention  to  by  the  Hindoos  from 
very  early  periods,  is  treated  of  in  their  ancient  works,  and 
that  it  is  acknowledged  by  competent  judges  to  be  con- 
structed  on  scientific  principles.  Also,  that  though  some 
of  the  airs  are  pleasing  to  European  ears,  yet  that  the 
effect  is  generally  considered  to  be  noisy  and  disagreeable. 
Among  manufactures,  we  may,  however,  notice  their  in- 
struments, of  which  they  have  every  variety.  They  make 
use  of  the  natural  products  of  their  country;  as,  for  instance, 
bamboos  and  horns  for  pipes  and  blowing .  instruments, 
gourds  to  act  as  sounding-boards  to  their  stringed  instru- 
ments. The  bamboo,  besides  being  used  for  pipes,  is 
sometimes  formed  into  a  compound  instrument,  in  which 
bamboos  of  different  sizes  and  lengths,  being  fixed  in  a 
framework  of  lathe,  and  shaken,  emit  different  sounds, 
which  it  is  curious  to  observe  are  strictly  tuned  to  octaves. 
For  the  construction  of  their  drums,  they  use  wood,  metal, 
and  even  earthenware ;  and  though  uncouth-looking,  it  is 
remarkable  that,  as  far  as  rhythm  is  concerned,  they  have 
been  considered  by  competent  judges  to  be  superior  in 
construction  to  European  drums.  Among  the  Burmese 
instruments  is  a  circular  one,  within  which  drums  of 
various  sizes  are  suspended,  so  that  each,  when  struck, 
vfvea  a  different  note.     Many  of  these  instruments  would, 
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no  doubt,  be  interesting  to  elucidate  the  history  of  mntictl 
instruments ;  for  it  is  probable  that  many  have  renuuned 
unchanged  from  very  early  periods. 

Archilectural  Models. — Architecture  is  one  of  the  fine 
arts  which,  from  the  usual  permanence  of  its  materiahi, 
ought  to  enable  us  to  judge  of  the  antiquity  of  the  arts  in 
India,  and  of  the  different  degrees  of  merit  of  the  aeveral 
races  who  have  inhabited  that  country.  But  the  destmc- 
tive  effects  of  the  climate,  deluged  at  one  time  with  incet- 
sant  rain,  and  parched  up  by  a  furnace-like  beat  at  another, 
is  Tory  unfavourable  to  the  permanence  of  buildings,  espe- 
cially as  the  soil  is  in  many  parts  impregnated  with  varioiu 
salts,  which  corrode  the  walls  at  the  surface  of  the  ground, 
at  the  same  time  that  the  seeds  of  the  sacred  fig-tree,  or 
peepul  (Ftcus  religiosa),  will  vegetate  on  the  top  of  a  wall, 
the  ledge  of  a  pyramid,  or  the  smallest  crack  in  a  dome,  and 
sending  its  roots  downwards,  even  between  the  driest  stones 
and  mortar,  will,  in  course  of  time,  destroy  some  of  the 
most  subtitantial  buildings.  Among  the  models  sent  to 
the  Exhihition,  we  have  had  specimens  of  some  of  the 
styles  of  architecture  which  prevail  in  India ;  for  instance^ 
the  carved  wooden  models  of  the  musjids  or  mosques 
Ahmedabad,  give  us  specimens  of  the  Saracenic  style  ^ 
was  introduced  by  the  Mahomedans,  and  of  which  so  many 
splendid  remains  are  to  be  seen  in  the  tombs  round  Agra 
and  Delhi.  Of  the  Buddhistic  architecture,  which  is  con- 
spicuously displayed  in  the  rock-cut  temples  of  Elephanta, 
EUora,  Sec,  and  which  has  been  so  amply  illustrated  by 
Air.  James  Fergusson,  we  have  had  no  specimens;  nor  of 
the  Jain  temples  of  Rajpootana,  which  have  been  deicrii 
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by  Colonel  Tod  as  monaments  of  simple  grandeur  or  of 
elaborate  elegance.  But  the  stone  models  of  the  Hindoo 
temples  sent  from  Benares  and  Mirzapore  give  a  very  cor- 
rect idea  of  the  general  pyramidal  appearance  of  such 
temples  in  the  Gangetic  valley.  The  various  varieties  in 
Hindoo  sacred  architecture  are^  according  to  Colonel  Tod, 
distinguished  by  the  forms  of  the  pinnacles,  which  spring 
from  and  surmount  the  perpendicular  walls  of  the  body  of 
the  temple.  The  ivory-like  yet  pith  models  of  the  Nagos- 
sorun  pagoda  at  Conbaconcan,  and  of  the  unfinished  en- 
trance to  the  pagoda  at  Strearangum,  give  a  good  idea  of 
the  pyramidal  yet  truncated  and  elaborately-sculptured 
temples  of  the  south  of  India.  I  will  not  attempt  to  enter 
into  the  peculiarities  of  each  of  these  styles,  as  that  would 
require  a  lecture  to  itself  by  one  competent  to  the  task; 
nor  have  I  attempted  to  trace  these  to  any  extraneous 
sources,  because  I  believe  them  all,  with  the  exception  of 
the  first,  to  be  original  productions  of  India,  and  well 
worthy  the  attention  of  architects  who  study  the  history 
and  vast  variety  of  their  science. 

Conclusion. 

Having  thus  taken  a  general  view  of  most  of  the  arts 
and  manufactures  of  India,  as  displayed  at  the  late  Ex- 
hibition, I  may  briefly  refer  to  the  omissions,*  such,  for 
instance,  as  their  different  tools  and  models  of  their  simple 

*  Among  these,  mixed  fabrics  may  be  noted,  as  more  ought  to  have 
been  said  of  the  various  mixtures  of  silk  and  cotton,  wool  and  cotton , 
wool  and  silk,  &o.,  which  are  made  in  India.  Some  composing  the 
mqIub  fabric ;  others,  in  alternate  stripes  or  checks  of  the  two  materials. 
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niacLiiicry,  as  well  as  of  tUeir  shipping-  The  former  woiJJ 
have  offurdt'd  abuDdtitit  opportunity  for  remark,  as  well  b.- 
for  admiring  the  ingenuity  with  which  ioiportant  ends  on 
attained  by  simple  means ;  hut  as  the  tools  hare  bccN 
carefully  examined  by  a  most  competent  professor,  and  the 
collection  will  not  be  dispersed,  opportunities  will  occur  lo 
others  for  ohsen-ation.  Among  the  models  of  shipping  it 
would  have  been  interesting,  if  I  had  felt  equal  to  the 
task,  to  have  examined  the  forms  of  such  as  are  remarkable 
for  their  swiftness,  especially  aa  some  of  these  are  said  to 
outsail  any  European  craft  against  which  they  have  I 
matched,  and  the  lines  of  the  Sampan  of  the  Malajid 
seas  arc  said  to  correspond  very  closely  with  those  of  til 
uow  famed  "  AmerioaQ."  But  time  will  not  allow  to  A 
more  than  to  allude  to  such  subjects  for  the  purp 
of  attracting  the  attention  of  others. 

Before  concluding,  I  trust  I  may  be  allowed  to  n 
few  observations  on  what  may  appear  to  many  the  I 
favourable  view  which  I  have  taken  of  the  state  of  the  arta 
in  India.  In  the  first  place,  it  should  be  remembered  that 
the  several  specimens  have  generally  been  sent  from  the 
places  where  the  respective  mechanics  and  artists  have 
attained  the  greatest  skill  ;  and  secondly,  that  in  most 
instances  the  articles  have  been  selected  by  committees  of 
European  gentlemen.  This  would,  however,  have  been  of 
htlle  avail,  if  the  natives  who  produced  the  articles  did  not 
themselves  possess  both  skill  and  taste ;  but  the  process 
may  have  excluded  some  things  which  did  not  come  under 
this  category,  Europeans  in  India  arc,  in  general,  little 
given  to  over-estimate  Indian  productions,  and  thci 
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value  hns  only  been  determined  by  the  observations  of 
many  of  the  best  qualified  judges  at  the  recent  Great 
Exhibition.  Though  many  of  the  officers  of  the  var 
Indian  eommittees  have  stated  that  much  more  highly- 
finished  artieles  might  have  been  sent  if  more  time  had 
been  allowed  for  their  preparation,  yet  Europeans,  in  ge- 
neral, speak  and  write  disparagingly  of  the  different  n 
faeturing  processes  adopted  by  the  natives  in  India.  Thus, 
without  making  sufBcient  allowance  for  the  Bimplicity  of 
the  means  by  which  they  attain  important  ends,  and  for 
which  others  require  a  complicated  apparatus,  we  have 
obsen'ations  on  the  rudeness  of  the  processes,  and  this 
without  adverting  to  the  curious  fact  of  uneducated  na- 
tives being  found  in  almost  every  bazaar  who  can  make 
alloys,  colour  glass,  and  work  enamels  by  methods  which 
are  unknown  in  Europe.  Another  great  anomaly,  often 
animadverted  upon,  is  the  apparently  unfinished  state  of 
some  productions,  and  how  ill-assorted  are  the  different 
parts  of  other  made-up  articles;  as,  for  instance,  where  we 
see  a  coarse  iron  ring  in  the  midst  of  elaborately- worked 
gold  and  silver  trappings.  But  we  may  see  the 
anomaly  in  a  highly -finished  French  clock,  with  a  key 
which  in  England  would  be  thought  unfit  for  a  common 
cuphoai-d.  But  this  is  a  point  connected  with  t 
general  subject,  that  is,  the  causes  which  influence  the 
jrreateror  less  developement  of  the  srn'r-'  --'.-  -~.^  '-r.-rT^n- 
fuctures  in  different  countries.     I  n-Ci  ..■• 

it,  but  refer  to  another  subject,  that  I-  i>a 

it  has  been  called,  of  the  iiiiii'  - 
remaining  stationary  at  poi:^!- 
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reached  many  ages  a^.  But  this  is  far  better  thao  tbc 
retrograde  progress  of  other  nationSj  which  were  ciiiliud 
at  as  early  periods.  Thoagh  we  are  without  the  means  of 
accurate  comparisoo  with  the  stale  of  the  arts  in  IdJIs  si 
earher  periods,  yet  in  some  of  them  we  have  seen,  that,  if 
stationary,  they  are  so  only  at  points  which  others  hare 
hardly  yet  reached.  That  the  natives  arc  capable  of  a^ 
taining  almost  any  degree  of  excellence  in  the  varioos  aiu, 
we  have  the  moat  con\incing  proofs  in  the  speciniciu  now 
before  us,  and  which  form  a  very  small  part  of  the  Indian 
collection.  If  other  proofs  are  required  we  have  them  in 
the  works  which  are  turned  out  from  the  difierent  Gorem- 
ment  magazines  and  arscnaU,  and  of  which  we  had  nume- 
rous specimens  in  the  accoutrements  and  models  uf  artQlery 
from  the  different  Presidencies.  The  same  may  be  ob- 
served iu  the  teak  shipping  built  at  Bombay.  In  addition 
to  these  several  works  produced  under  Government  officers, 
we  might  adduce  the  several  manufactures  carried  on  by 
Europeans  in  India  ;  of  these  we  had  specimens  of  harness, 
and  dress  boots  sent  by  Messrs.  Monteith  of  Calcutta, 
which  would  have  done  credit  to  any  shop  either 
London  or  Paris.  The  same  might  be  said  of  the  m< 
of  the  palanquin  by  Mr.  Simpson,  from  Madras,  or  of 
specimens  of  ropes,  iu  imitation  of  those  in  use  in  Euro] 
by  Messrs,  Harton,  of  Calcutta,  and  which,  if  made  with 
the  Rhea  fibre  of  Assam,  would  be  stronger  than  any  in 
Europe.  The  saw-gins  made  up  in  India  by  native  me- 
chanics have  been  found  to  be  as  efficient  for  cleaning 
cotton  as  the  machines  sent  out  from  this  country  and 
from  America ;  while  the  delicacy  as  well  as  accuracy 
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native  work  may  be  seen  in  the  coin-§orting  machine  of 
Major  Smith,  of  the  Madras  Engineers,  for  which  a  Prize 
medal  was  awarded  by  the  Jury  of  Class  X. 

But  still  greater  and  more  widely-diffused  effects  than 
the  above  may  be  expected  from  the  influence  of  the  dif- 
ferent schools  and  colleges  which  have  been  established  in 
Tarious  parts  of  India,  especially  as  eome  of  these  purpose 
imparting  niecbunieat  and  scientitic  information,  in  addi- 
tion to  a  knowledge  of  languages  ;  and  we  have  seen  the 
great  benefits  which  have  been  derived  from  the  establish- 
ment of  the  several  medical  colleges  at  the  different  Presi- 
dencies. Some  of  the  results  produced  by  the  School  of 
Arts  at  Aladras,  under  the  superintendeQce  of  Dr.  Hunter, 
have  been  shown  at  the  Exhibition,  in  the  improved  pottery, 
for  which  a  Prize  medal  was  awarded.  A  school  for  elemen- 
tary mathematical  knowledge  and  mechanical  science  has 
been  established  by  Col.  Cautley,  at  Roorkce,  the  head-quar- 
ters of  the  great  Ganges  canal,  now  in  course  of  formation. 
There  it  is  proposed  to  instruct  both  Europeans  and  natives 
in  the  several  aubjects  which  will  qualify  tbem  for  situa- 
tions, not  only  on  the  canal,  but  probably  also  on  railways. 
The  college  at  Poonah  has  determined  on  including  instruc- 
tion in  the  principles  of  the  mechanical  arts  in  their  course 
of  education ;  some  machines  have  already  been  imjtorted, 
ftod  among  others,  the  improved  hand-loom :  with  the 
flying  shuttle  of  this  the  weavers  of  Poonah  were  greatly 
utonigbed  and  pleased.  Professor  Cowper  hiu  been  applied 
to,  to  devise  models  of  machinery  fitt4 
aatives  of  India,  and  has  already  a 
spiDiung- machine  to  he  worked   by  U" 
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brought  here  this  evening,  and  will,  I  hope,   shoir  | 

members  after  tbe  Lecture.     [This  was  done.] 

But,  even  without  nny  mechanical  iuiproveuientSjfl 
may  assist  in  cheapening  some  of  their  products,  thai 
enough,  which  are  the  produce  of  iheir  patient  babid 
wonderful  delicacy  of  hand,  and  are  alsn  examples  of  ■ 
of  taste,  which  may  command  a  sale  in  European  c 
Though  the  Muslins,  both  plain  and  flowered,  arc  t 
admired,  jet,  as  being  the  produce  of  many  jaani 
hand  labour,  they  are  unable  to  compete   in   prioa 
those  which  are  the  produce  of  European  machtner 
as  they  are  still  ])rcferred  in  India,  a  few  may  contiq 
be  bought  in  Europe.  Their  Calico  Prints,  Floweretia 
and  rich  Kimkhobs,  being  much  admired  for  theiq 
terns,  may  he  applied  to  a  variety  of  ornauieDtai  poi 
if  not  of  dress,  still  of  decorative  furniture.     Tbe  Shi 
Cashmere    still    continue    unrivalled,    and   coinmai 
highest  prices.     The  Embroidery  being  equal  to  anjl 
produced  elsewhere,  only  requires  that  the  things  c 
dered  be  fitted  for  Eui-opcan  use,  since  the  cbeapl 
all  band-work  in  India  will  insure  the  prices  being  n 
able.  The  manufacture  of  Lace  at  Nagercoil  may  bel 
undertaken ;  and  tbe  Carpets,  Kugs,  and  Carved  1 
ture,  would  command  a  ready  sale  if  offered  at  rata  ■ 
rate  in  proportion  to  the  cost  in  India.     The  WooUl 
might  be  largely  consumed,  and  tbe  highl  y- wrought ■ 
would  be  bought  as  curiosities,  as  weU  for  the  artiat^ 
displayed  in  the  cutlery  as  in  the  inlaying,     Wei 
Pottery  and  the  highly -finished  Bidery  ware,  as  i 
the  Lacquered  boxes  of  Cashmere,  would  all  be  I 
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as  also  the  various  works  of  Bombay-iDlaying,  of  Ivory, 
Horn,  Ebony,  and  Sandal-wood,  likewise  Mats,  Baskets  of 
Khuskhus,  and  of  other  materials,  and  Japanned  Boxes. 
To  these  we  may  add  the  polished  Agate-ware  of  Cambay, 
the  Inlaid  Marbles  of  Agra,  and  the  Enamels  of  Catch, 
Seinde,  and  of  north-west  India ;  also  the  Filagree  work  of 
Guttak,  Dacca,  and  Delhi,  as  well  as  of  other  places ;  like- 
wise some  native  Jewellery,  if  made  in  the  forms  fitted  for 
European  use.  Even  the  Toys  would  command  a  sale, 
and  the  Models  of  Fruits,  as  well  as  the  Figures  of  Natives 
of  different  castes  and  trades,  would  find  purchasers  if  they 
could  be  easily  procured. 

That  I  may  not  appear  singular,  especially  to  people, 
in  India,  in  my  estimation  of  the  value  of  these  Indian 
producte,  I  would  beg,  before  concluding,  to  adduce  some 
unconnected  and  independent  testimonies.  For  this  I 
may  first  refer  to  the  articles  in  "  The  Times,"  which  were 
distinguished  as  much  by  their  talent  as  by  their  discrimi- 
native criticism.  "  Turning  to  the  class  of  manufactured 
articles,  we  find  the  long-established  Industries  of  the 
Indian  Peninsula  asserting  their  excellence  in  a  manner  at 
once  characteristic  and  extraordinary.  The  same  skill  in 
goldsmiths'  work,  in  metals,  in  ivory-carving,  in  pottery, 
in  mosaics,  in  shawls,  in  muslins,  and  carpets,  was  attained 
by  those  ingenious  communities  which  now  practise  them 
ages  and  ages  ago.  Yet,  in  these  things,  which  the 
natives  of  India  have  done  well  from  time  immemorial, 
they  still  remain  unsurpasseil ." — April  H^.  And  u;^uii>, 
"  Yet,  in  another  point  of  view,  these  p 
racteristic  collections  have  a  value  ) 
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overrated.  By  their  Buggestiveneas  the  mlgaritie  in  i 
manufactures,  not  only  of  England  but  of  Cbiitbndc 
may  be  corrected ;  and  from  the  cnrpets,  the  afaawli^  i 
muslins,  and  the  brocades  of  Asia,  and  from  madi  td 
metallic  and  earthenware  products,  can  be  clearly  H* 
those  invaluable  rules  of  art,  a  proper  definition  and  na 
nition  of  which  form  the  great  desiderata  of  our  id 
civilized  industrial  Bystems."— TVmcs,  Juh/  4. 

So,  M.  Blanqut,  in  his  "Rapport"  to  the  " Ataiea 
des  Sciences  Morales  et  Politiqnes  de  I'Institut,"  obicn< 
"  Les  produita  de  I'lnde  Britannique  meritent  I'attenti 
du  technologue  autant  que  eelle  du  philosophe  et  de  Vit 
nomiste.  II  y  a  vraiiuent  un  art  Indien  qui  a  nn  oA 
de  distinction  comme  I'art  Fran^ais,  ct  de  plus  use  in( 
nalit^  souvent  tlegante  et  de  bon  goiit. 

"  Cette  hrillante  partic  de  I'Exposition  a  produit  M 
d'une  r^v^lation.  £llc  a  ete  si  complete,  si  ricbe,  n  tl 
agenc^e,  qu'elle  repr^sentait  I'Orient  tout  entier  deponl 
temps  les  plus  rccules  jusqu'ii  nos  jours. — Les  ladient  lo 
les  Francois  dc  I'Orient  pour  le  genie  industricl :  il  nelei 
manque  que  nos  connaissances  positives  j  mais  ils  sd 
aussi  artistes  dans  teur  genre  que  nos  plus  habilea  dot 
nateurs  de  Paris,  de  Lyon,  et  de  Mulhouse,"  kc.- 
P.  238. 

Again,  in  his  letters,  M.  Blanqui  says,  "  C'est  touti 
mondc  induatriel  nouvcau  pour  nous,  par  sou  anliqat 
mfime,  qui  remontc  aux  temps  hero'iques,  et  par  son  em 
tire  d'originalite  a  nul  autre  semblable.  Dcputs 
commencement  de  I'Expoaition,  nous  voyons  tons  lea  joo 
apparaitre  des  produits  nouveaui,  plus  admirables  les  m 
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que  les  aatres^  et  qui  attirent  an  plus  haut  Mgr6  I'atten- 
tion  des  visiteurs. 

"  L'art  Indien  merite^  en  effet,  cette  preference :  il  ne 
ressemble  a  aucun  autre.  II  n'a  point  la  bizarrerie  du 
goiit  Chinois^  ni  la  regularity  Orecque  et  Romaine^  ni  la 
vulgarite  modeme :  c'est  un  art  a  partj  consequent  avec 
lui-m£me^  plus  sobre  qu'on  ne  pense  jusque  dans  ses 
^carts^  et  qui  semble  n'avoir  jamais  vari^  ni  emprunt^ 
quelque  chose  k  autrui.  Dans  la  ceramique^  il  est  plein 
de  grace  et  de  simplicity,'*  &c. — P»  79. 

"Evidemment,  Fart  de  tisser  les  ^toffes  est  arriv6, 
dans  ce  pays,  a  un  6tat  fort  avance.  Sans  parler  des 
cbAles  de  Cachemire,  qui  sont  devenus  les  types  du  genre, 
tout  ce  que  la  Compagnie  des  Indes  a  expose  semble  une 
collection  de  chefs-d'oeuvre.  Moussellines  brodees  d'or, 
fichus  diapres  de  milles  couleurs,  &harpes  6clatantes  du 
gout  le  plus  exquis,  tapis  de  table  emailles  de  fleurs,  tissus 
de  toute  esp^ce  nielles  de  vert  ^meraude,  selles,  manteaux, 
^toffes  pour  tentures,  mouchoirs  d'odalisques  h  petits 
carreaux  d'un  rouge  tendre,  quadrilles  d'argent,  toutes  les 
nuances  que  la  nature  a  prodigu^e  aux  ailes  des  papillons 
se  retrouvent  dans  cette  collection  Indienne,  qu'une  Com- 
pagnie aussi  puissante  que  celle  des  Indes  pouvait  seule 
r^unir  par  ses  ordres  souverains.  L'Orient  tout  entier  est 
accouru  h  sa  voix.*' 

I  may  fitly  conclude  these  quotations  with  an  eitei 
from  a  letter  of  the  Government  Committee  for  the  ad 
tion  of  articles  for  the  use  of  the  Schools  of  D^ 
addressed  to  J.  C.  Melvill,  Esq.,  Secretary  to  ^ 
able  East  India  Company.    "  We  have  to 
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«iO  Mqaaint  the  Court  of  Directors,  tlut  tuiniig  i 
1  the  rollertioa  exlubited  by  the  Cotut,  we  h 
i,  beymd  any  other  department  of  ik 
(  of  the  highest  instructional  nine  B 
t  in  ia^a,  mad  that  we  have  selected  the  >M» 
putytBg  list  orf  articles  from  their  eolle«.-tion,  which  n 
expRM  a  hope  may  be  secured  for  the  benefit  of  At 
Echoola."  The  Coramittee  selected  about  two  himiW 
aad  fifty ;  as  Bome  belonged  to  private  iudividuals.  ti«7 
were  able  to  purchase  nearly  two  hundred  artieita  oai  i^ 
the  Indian  collection  for  the  use  and  iinpn}veuieQt  of  ifc 
Scboolj  of  Design  in  this  country. 

After  these  favoumbic  tcstiinouieB,  I  regret  that  I  a 
unable  to  coBckde  this  subject  with  a  notice  of  the  sewni 
medals   which  have   been   awarded  to    the    native  mum- 
facturers  of  the  various  textile  fabrics,  from   ninslti:- " 
carpets,  or  to  the  producers  of  the  several  other  wor;. 
which  manual  dexterity   was   combined    with  tasit;  : 
with  the  exception  of  the  mosuics  from    Agra,  sdJ  IL- 
sandal-wood  carviug  from  the  Malabar  coast,*  tiic  ro- 
must  be  enumerated  among  the  omiaalons  with  whict  li' 
international  juries  have  been  charged.     That  the  ari 
exhibited  were  not  without  snfiicienl  merit  is  evidect  ■ 
the  testimonies  which  I  have  quoted,  as  well  as  fnnii  ■- 
universal  admiration  which  they  excited.     A  French  ff^ 
tleman  to  whom  I  mentioned  the  fact,  while  he  wat  o- 

•  Tlie  Utter  wns  voLeU  to  Uie  European  owner  uf  a  uml^-vi^ 
l>[ix ;  but  the  muilid  for  Agra  Mosiuts  to  llii?  Esat  InJii  C-arp*» 
Thia  will  be  Bent  to  the  timilucer  in  LndiR,  us  tJio  Court 
pnimixKcl  to  make  met  ui)'  prizes  lo  lli«  parties  Irum  « 
Udea  wliiuh  miglit  be  ruMiuilfil  liitd  been  purcliaseiL 
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thusiastically  admiring  the  various  works^  pithily  observed^ 
"  Tant  pis  pour  les  jureurs."  But  though  it  would  have 
been  graceful  for  the  judges  of  the  West  to  have  sent  some 
tokens  of  their  approval  to  the  absent  and  anxious  manu- 
facturers of  the  East^  these  may  yet  enjoy  the  proud  con- 
solation of  thinkings  that  a  Committee  of  the  British 
Government^  composed  of  some  of  the  best  judges^  found 
the  Indian  collection  to  contain  beyond  any  other  depart- 
ment of  the  Exhibition  objects  of  the  highest  instructional 
value  to  students^  and  supported  their  opinion  by  exten- 
sive purchases ;  while  a  representative  of  France  has  pro- 
nounced them  to  be  ^^the  Frenchmen  of  the  East  for 
industrial  talent/^ 


In  the  course  of  his  remarks  on  the  foregoing  Lecture^ 
and  on  the  striking  examples  of  Indian  art  and  manufac- 
ture,  which,  by  the  kindness  of  the  Court  of  Directors  of  the 
Hon.  East  India  Company,  were  exhibited  in  illustration 
of  it,  Mr.  Owen  Jones,  the  Chairman,  observed,  that  with 
all  the  artists  of  England  with  whom  he  was  acquainted, 
as  well  as  with  foreign  visitors,  he  had  found  but  one 
opinion, — ^viz.,  that  the  Indian  and  Tunisian  articles  were 
the  most  perfect  in  design  of  any  that  appeared  in  the 
Exhibition.  The  opportunity  of  studying  them  had  been 
"  a  boon  to  the  whole  of  Europe.'^  Many  have  been  pur- 
chased by  Government  for  the  use  of  the  Schools  of 
Design, —  and  will  no  doubt  be  eii  drculated 

throughout  the  country.    But  it  if  "^'jr. 

Jones,  that  they  will  do  more  thu 
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tbe  ladisn  style.     If  they  oaly  led  to  the  ortgtDation  dfu 
ladiaai  Mrle,  be  would  think  tlinr  iufluenee  only  bnttfal 
"nt  time  has  snired,"  he  added,   "  when  it  is  ^eno^ 
Mt  thit  k  diaBge  ma»t  take  place  —  and  we  most  cct  i^ 
«f  dw  CMttea  of  ob^tnu-tion  to  the  art  of  design  whKi 
exiat  in  tbn  ooantnr.     Ever  since  the  Reformation,  wki 
«  aquration  too):  place  bettreen  religion  and  art,  Ei^aid 
baa  ■«(  bad  anTtbing  tike  a  atyle  of  her  own.     In  tmj 
eeqtry  vhkli  is  under  tbe  influence  of  a  partinUar  tA- 
gioK,  then  a  peculiar  style  of  art  is  created.     Sach  i>  tk 
cue  with  tbe  Mohamedans,  Greeks,  and  others. — Tb*r 
warn  aeema  to  be  a  ^neral  fceliug  and  destn-  ff>r  art,  uul 
aMRfthing  must  be  done.     I  think  the  GovemuieDt  init 
be  indncrd  to  assist  in  formiug  schools  throaghui'.i 
cwntry  on  a  different  footing  from  that  on  whirli  : 
are  at  preacDt  established.     We  tee  in  the  onjamciii' 
arlicka  froin  India  the  works  of  a   people  who  an 
alkwcd  by  tbeir  reli^on  to  draw  tbe  human  fomi,   ^ 
it  is  prabaUe  that  to  this  cauw  we  may  attribute  tkir 
gmt  siieoeas  in  tbeir  ornamental  works.     Here  in  Europr 
we  km  been  studying  drawing  from  the  human  6imr. 
but  it  has  not  led  us  forward  in  the  art  of  ornamr 
desigti.    Although  the  study  of  the  human  figure  is  •■•• 
in  refining  tbe  ta&te  and  teaching  accurate  ob»enraii<' 
i*  N  roundabout  way  of  JcamiDg  to  draw  for  the  di-.M. 

fnr    mnmifactures.      It   is  to   be  hoped,  as    this   S 

i«  assisting  in  the  formation  of  elementary  schools,  lIm 

it  may  be  able  to  find  a  better  means  of  producmg  tU 

retult  in  question." 

February  18,  1852. 
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ON  THE  PROGRESS  OF  NAVAL  ARCHITECTURE, 
AS  INDICATING  THE  NECESSITY  FOR  SCIEN- 
TIFIC EDUCATION.  AND  FOR  THE  CLAS- 
SIFICATION  OF  SHIPS  AND  OF 
STEAM-ENGINES:    ALSO, 
ON  LIFE-BOATS. 
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;  PEOGRESS  OF  NAVAL  ARCHITECTURE. 
AND  ON  LIFE-BOATS. 


I  progress  of  Naval  Architecture,  as  illustrated  by  the 

i  of  boats  and  shipping  collected  together  in  the 

t  Exhibition — in  that  vast  building,  along  the  avenues 

tileries  of  which  we  all  lately  wandered  day  by  day, 

■tied   with  the  treasures  and  wonders  of  art  —  forma 

interesting  aud  instructive  study.     Wlio  could  fail  to 

ruck  by  the  contrast  presented  by  the  ancient  Celtic 

le  curragh,  still  in  use  for  fishing  on  the  north-west 

f  Ireland,  or  the  equally  primitive  coracle  daily  used 

lalmon-fishing  in  the  rivers  of  Wales,  as  compared  with 

ii6cent  specimen  of  the  Queen,  one  of  the  largest 

t  beautiful  shipa  of  the  British  navy,  which,  in 

J  eye  of  the   I 

itaing  coup  J 


ON  NAVAL  ARCUITECTITBB: 


(Ton/  that  burst  on   us  all  at  entering,  gave  lof 
reflect. 

Amidst  the  sparlcHag  of  the  crystal  rouDtaitlj 
by  a  forest  of  tropical  plants,  and  witlt  the  ridl 
of  Persia  and  India  od  either  hand,  there  sate  (he  C 
if  the  ocean,  simple,  severe,  yet  beautiful  in  form, 
of  the  pn^grcss  of  art  as  applied  to  .'thip-btiildinc  ' 
the  last  eighteen  centuries.  The  transition  from  li 
convenient  and  unsightly  forms  of  antiquity  to  thi-  . 
ful  outtiue  and  imposing  contour  of  a  fii-Gt-class  sh 
war,  is  no  less  remarliable  as  an  indicatioii  of  pror: 
this  science,  than  instructive  as  practical  cndcncc  '.■■ 
consistency  of  beauty  of  form  with  those  qualities  oi  •■• 
strength,  stowagej  and  stability,  which  arc  cascrt: 
such  structures. 

The  Exhibition  of  1851,  although  rich    in  b^.^ 
models  showing  the   present  state  of  naval   archill 
afforded  only  in  a  small  degree  the  opportunity  of  t- 
the  successive  steps  in  the  history  of  ship-building. 
true  that  there  might  be  seen  the  primitive  British 
of  wickcrwork  covered  with  hide,  carrying  us  back  in  ii 
nation  to  the  time  of  our  forefathers,  and  its  contwn]' 
a  Bomnn  wnr-gallcy  ;  but  from  that  period  we  Jhiijj< 
some  centuries  until  we  arrive  at  the  model  of  the  H/^ 
Grace  a  Dieu,  of  1200  tons,  built  at  Erith  about  the 
1513. 

We  would  gladiy,  however,  have  seen  the  ronn«ti| 
links  in  the  chain ;  as  the  model  of  the  vessels  in  wU 
the  enterprising  Scandinavian  Sea-kings  performed  ti* 
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almost  incredible  voyages  out  of  sight  of  land,  without  the 
aid  of  compass  or  of  chart,  and  with  only  the  sun  and 
stars,  and  flight  of  birds,  to  guide  them ;  and  of  the  Medi- 
terranean galley  pulling  from  forty  to  sixty  oars  on  each 
side,  which  our  great  King  Alfred  introduced  to  resist  the 
ravages  of  the  Danish  marauders.  We  have  no  record 
either  of  the  form  or  probable  size  of  ships  at  the  period 
of  the  Norman  Conquest,  unless  it  be  the  picturesque 
representations  of  Froissart,  or  the  more  grotesque  speci- 
mens of  the  Bayeux  tapestry.  Nor  of  the  introduction  of 
sailing  vessels,  although  the  ancient  chronicles  tell  us  that 
when  Prince  William,  son  to  Henry  I.,  was  drowned  in 
crossing  from  France  to  England,  three  hundred  persons 
perished  with  him,  implying  considerable  burthen  in  the 
vessel.  We  learn,  too,  that  a  little  later  the  commercial 
intercourse  between  France  and  England,  in  wines,  wool, 
and  woollen  cloths,  was  extensive,  which  could  not  have 
been  carried  on  profitably  except  in  sailing  vessels.  The 
expedition  of  Richard  Coeur  de  Lion,  in  1190,  to  join  the 
crusade  to  the  Holy  Land,  consisted  of  nine  "  tall  shippes/' 
besides  one  hundred  and  fifty  others  of  smaller  size,  and 
galleys.  But  it  was  in  the  beginning  of  the  fourteenth 
century  that  the  invention  of  the  mariner's  compass,  by 
Gioja  of  Amalfi,  gave  the  great  impulse  to  ship-building, 
by  enabling  vessels  to  make  long  voyages  in  comparative 
safety.  A  century  later  the  burthen  of  the  largest  ships 
appears  not  to  have  exceeded  six  hundred  tons, — vet.  at 
this  time,  the  mercantile  shipping  of  Engl 
been  considerable,  for,  about  the  middle 
flourished  the  celebrated  merchant^  WiUitE 
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miralty,  shows  two  tiers  of  port-holes ;  but  the  lower  bat- 
tery so  little  raised  out  of  the  water^  that  it  is  doubtful  if 
she  could  have  sailed  with  safety  on  a  wind ;  and  we  know 
by  the  loss  of  the  Marie  Rose  at  Portsmouth^  a  little  later 
in  this  reign^  that^  owing  to  her  ports  being  within  sixteen 
inches  of  the  water^  in  going  about  she  upset  and  sunk^ 
when  six  hundred  persons  perished.  At  so  comparatively 
low  a  state  was  nautical  skill  in  this  country^  that  fifty 
Venetian  sailors  were  hired  to  try  and  raise  this  wreck; 
their  attempts^  however,  all  failed,  as  the  wreck  of  the 
Marie  Rose  remains,  to  this  day,  at  Spithead ;  and  so  lately 
as  August  1836,  several  of  her  brass  cannon,  of  exquisite 
workmanship,  were  recovered  from  the  bottom  of  the  sea 
by  the  skill  of  the  late  William  Deane  (well  known  by  his 
successful  submarine  operations  by  means  of  the  diving- 
helmet),  and  are  now  lying  in  the  Repository  grounds  at 
Woolwich. 

The  spirit  of  enterprise  that  prevailed  during  the  reign 
of  Elizabeth  could  not  fail  to  have  some  influence  on  our 
ships,  and  the  indefatigable  and  politic  Baleigh  directed 
his  attention  to  the  improvement  of  our  navy.     Sir  Robert 
Dudley,  afterwards  Duke  of  Northumberland,  a  man  of 
enlarged  views  and  comprehensive  mind,  paid  also  much 
attention  to  naval  a£fairs.     He  purposed  to  lower  the  fore- 
castles and  stems  of  ships,  and  to  abridge  their  then  cum- 
brous ornaments ;  to  raise  their  lower  batteries,  and  to 
increase  their  length,  so  as  to  render  it  equal  to  fiv> 
their  breadth.     But  as  his  views  did  not  1 
encouragement  which  he  expected  from  tbi 
he  constructed  a  ship  at  his  own  ezpenss^ 
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laanched  in  1756;  this  ship,  which  apset  at  Spitheadin 
1782,  was  one  of  the  first  that  had  her  bottom  sheathed 
with  copper.  Id  the  same  DisDoer,  eleveo  years  afler  she 
came  into  our  possessioD,  we  built,  after  the  Invincible,  a 
Freuch  74~gaii  ship,  and  thns  got  some  fine  ships,  but 
tbe  practice  was  Dot  persevered  in.  The  Commerce  de 
Marseille  formed  the  ground-work  for  the  Caledonia  of 
120  guDS,  lauDched  at  Plymouth  in  1808;  but  the  Cano- 
pus,  of  84  guDS,  taken  iu  1798,  and  acknowledged  on  all 
hands  to  be  an  admirable  specimen  of  naval  architecture, 
was  not  adopted  to  be  the  mode!  for  84-gun  ships  of  the 
British  navy  before  the  year  1821 ;  and  even  then  by  the 
mode  of  practical  carpentry  of  the  hull  pursued  in  our 
dockyardH,  and  the  weight  of  stores  and  provisions  cODsi- 
dered  necessary  for  efficiency,  the  whole  weight  of  the  ship 
was  increaaed  to  such  an  extent,  that  the  displacement 
caused  by  it  brought  the  lower-deck  midship  port  of  the 
British  84  full  18  inches  nearer  the  water  than  that  of  her 
French  prototype  I  It  is  needless  to  follow  the  history 
further;  suffice  it  to  say,  that  all  who  served  in  the  block- 
ading 6eeta  during  the  last  war  were  painfully  alive  to  the 
fact  of  the  comparative  inferiority  of  our  ships  to  those  of 
Fraoce  and  Spain  io  speed,  stability,  and  rcadioess  in 
manoeuvring.  It  is  true  that  the  skill  of  our  commanders, 
and  the  courage  of  our  seamen,  eventually  succeeded  in 
triumphantly  asserting  our  naval  superiority,  but  much 
loss  of  life  might  hare  been  spared  had  our  ships,  inform, 
been  more  on  a  par  with  those  of  our  opponet 
Let  me  not  be  miauuderstood.  I  am  far  f- 
to  speak  slightiDgly  of  those  who  have  done  ; 
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the  relative  merits  of  the  paddle-wheel  and  screw  tool: 
place  between  similar  vessels,  the  Rattler  and  Aleclt, 
of  888  tons  and  200  horse-power,  when,  with  the  two 
vcsaek  lashed  stern  to  stern,  the  Rattler,  scren-propellcr, 
towed  the  Alecto  astern  at  the  rate  of  3j  knots  an  hour, 
in  spite  of  all  her  efforts  to  the  contrary.  These  cipcri- 
ments  appear  to  have  established  a  superiority  for  the 
screw  of  17  per  cent.  Other  vessels  have  since  beeai  bnili 
in  which  the  screw  is  used  as  an  auxiliary ;  and  it  is  on- 
derstood  that  the  most  recent  trials  made  In  the  squadron 
of  ships  lately  stationed  at  Lisbon,  fully  confirm  all  thai 
was  expected  of  these  vessels.  The  Arrogant,  of  30" 
horse-power,  the  first  screw-frigate  introduced  into  tk 
navy,  built  by  Mr.  Finchara,  of  Portsmouth  Dockyard,  bu 
established  the  principle  of  cfGcicncy  and  economy.  Otbtr 
important  points  remain  to  be  decided  by  means  of  care- 
fully conducted  experiments,  among  which  may  be  noted, 
— Ifil.  On  the  beat  form  of  a  screw -steamer,  so  as  to  over- 
come the  resistance  of  the  water,  and  to  contribute  most 
effectually  to  a  good  result  of  the  screw.  2d.  The  exact 
relation  of  horse-power  to  tonnage  that  is  requisite.  Sd. 
The  relation  of  the  length  to  the  pitch  of  the  screw,  w 
seems  to  be  a  point  of  considerable  importance ;  : 
lastly,  the  area  of  sail  that  is  most  suitable.  The  i 
setit  to  the  Exhibition  of  the  St.  Jean  d'Acre,  of  100  g 
the  Agamemnon  of  90  guns,  and  the  Imperieuse,  ( 
guns,  besides  various  others,  both  naval  and  niercantil 
show  the  attention  that  is  now  directed  to  this  i 
propulsion  and  the  rapid  progress  it  is  making. 
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t  fluids,  chiefly  at  his  own  expense,  and  aince  his  death 
tnblished  by  bis  son,  Mr.  Henry  Beaufoy,  in  a  4to.  vol., 
i  gratuitously  distributed;  an  act  of  munificecce  in  the 
e  of  science  worthy  of  the  disinterested  labours  of  his 
;r.      But   the  most   valuable    contributions  to   this 
ftieuce  are  the  papers*  written  by  the  gentlemen  of  the 
Ichool  of  Naval  Architecture,  established  in   1811;  yet, 
ter  a  few  years  suppressed,  while  almost  all  those  brought 
>  in  it  were,  for  a  considerable  length  of  time,  kept  in 
ibordinate  situations, — men  familiar  with  the  differential 
s  kept  chipping  limber  in  our  dockyards, — and  even 
w,  more  than  forty  years  from  its  first  establishment, 
'  five  out  of  the  forty-two  men  there  educated  have 
1  to  any  stations  of  responsibility !     Honour,  how- 
,  to  whom  honour  is  due ;  the  good  seed  they  have 
I,  we  tniat,  has  not  been  lost;  the  correct  principles 
aval  architecture    laid  down    by  them  have    become 
lown  and  generally  diS'uaed,  and  though  the  eleven  of 
tlie  school  may  not  reap  the  reward,  the  merit  is  undoubt- 
edly theirs;  posterity  will  do  them  the  justice  which  the 
^present  age  has  hitherto  denied  tliem. 
^L      More  recent  contributions  to  the  science  are  an  ad- 
^P^rable  treatise  by  Creuze,  in  the  Encyclopedia  Britan- 
^^^rita;    Scott  BuBsell's  Esperiments  on  the  Wave-line  as 
applied  to  Shipping ;   Professor  Moseley'a  papers  in  the 
Phil.  Trans,  on  Dynamical  Stability,  &c, ;  Pcake's  "Rudi- 
mentary   Treatise    on    Ship-building;"    and    Fincham's 
"Outlines  of  Ship -building,"   and   "History   of  Nava! 
Architecture." 


*  FnbUslied  in  th«  "  PapsM  on  Nwl  Jbra&ltCCture,"  ISItO  to  1S,12. 
\i<f  Messrs.  Hurgan  and  Ot^" 
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ships,  or  we  shall  be  left  far  astern  in  the  race.  What  is 
the  education  now  afforded  to  youngsters  entering  the 
navy?  A  name  without  the  substance.  They  may  by 
chance  pick  up  some  navigation  when  the  other  duties  of 
a  ship  will  admit  of  it;  but  as  to  any  systematic  instruc- 
tion, it  is  out  of  the  question;  the  very  nature  of  the 
duties  on  board  an  active  ship  forbids  it,  however  desirous 
the  captain  may  be  to  forward  it ;  the  result  is,  that  when 
a  few  years  later  the  boys  come,  as  men,  to  study  steam, 
it  is  no  uncommon  thing  to  find  that  they  have  to  begin 
with  decimals  and  the  elements  of  algebra.  How  are  we 
to  maintain  our  ground  with  neighbouring  nations  where 
a  cadet  is  kept  for  the  first  two  or  three  years  after  enter- 
ing the  navy  strictly  at  his  studies  ?  I  do  not  advocate 
the  re-establishment  of  the  Naval  College  on  shore,  but  I 
vould  earnestly  recommend  some  plan  or  other,  by  means 
of  which  boys  can  he  educated ;  why  not  a  naval  school 
on  board  a  Une-of-battle  ship  moored  at  Spithead,  where 
systematic  instruction  in  mathematics — the  groundwork 
of  a  knowledge  of  steam  —  and  practice  in  the  carUer  part 
of  searaanship,  might  be  combined  ?  Unless  something 
of  this  sort  be  done,  I  fear,  as  steam  advances,  this 
country  will  be  left  more  and  more  in  the  background. 


B^ 


Having  mentioned  the  name  of  Dr.  Inman,  may  it  be 
[rVermitted  to  a  former  pupil,  in  the  nunc  of  his  brother 
sailors,  educated  at  the  Naval  C 
in  naval  architecture,  to  offer  a  p 
■    mad  gratitude  to  their  former  i 
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building,  repairing,  and  in  commission,   is  already  mot 
than  it  can  grapple  with. 

The  consideration  of  the  models  of  marine  engines,  and 
of  their  application  to  the  screw-propeller,  suggests  similar 
inquiries,  and  the  very  great  cost  of  these  engines  renden 
the  necessity  of  such  comparison  and  analysis  even  yet 
more  imperative.  Some  of  the  recent  trials  of  the  screw- 
stesmera,  and  especially  in  the  Lisbon  squadron,  appear  to 
have  been  conducted  with  great  care,  and  the  resnli 
are  proportion  ably  valuable.  The  same  may  be  said  ( 
a  table  printed  by  the  Admiralty,  showing  the  introdut 
tion  and  progressive  increase  of  screw  propulsion  in  he 
Majesty's  navy,  which  is  extremely  interesting  and  ii 
tivc.  But  this  table,  valuable  as  it  is,  and  highly  creditaU 
as  it  is  to  the  industry  of  those  who  compiled  it,  on^ 
affords  the  elements  of  the  analysis  and  comparison  that '. 
contend  for.  What  information  it  may  convey  to  b  | 
fesaional  engineer  I  am  no  judge  of,  but  to  a  caana 
observer  it  is  difficult  to  reconcile  the  performance  of  thl 
several  engines  as  shown  by  their  indicated  horse-power 
As  for  "nominal"  horse-power,  it  only  serves  to  mysti^ 
and  the  sooner  the  term  is  exploded  the  better, 
average  results  of  this  table  show  that  indicated  bora 
power  is  nearly  double  the  nominal ;  but  In  the  case  of  tbi 
Fairi/  it  is  fully  treble,  and  it  is  understood  that  h 
the  Banshee,  paddle-wheel  steamer,  before  referred  to,  ant 
the  Vivid,  the  indicated  horse-power  is  about  five  timn 
and  in  the  Onyx,  Violet,  &c.  four  times  the  nominal 
The  LUwellijn,  Holyhead  packet  of  654  tons,  and  35Q 
nominal  horse-power,  and  the   Terrible  of  1850  tons,  atu 
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was  then  discontinued;  bat  in  1768,  the  Marlborough's 
bottom  was  covered  with  lead,  which  was  removed  after  a 
two  years'  trial.  There  is  then  a  long  interval  until 
1833,  wheo  lead  sheathing  was  tried  on  the  bottom  of  the 
Success  in  Portsmouth  harbour,  and  in  two  years  dropped 
off.  Now,  had  these  various  experiments  been  on  record, 
with  the  reasons  of  their  failure,  those  causes  of  failure 
would  not,  in  all  probability,  have  been  repeated  in  each 
successive  experiment;  and,  certainly,  the  lead  on  the 
bottom  of  the  Success  would  not  have  been  secured  with 
iron  nails.  It  is  not  improbable,  also,  that  centuries  ago 
some  method  would  have  been  ascertained  of  advan- 
tageously applying  that  less  costly  metal,  lead,  to  the 
bottoms  of  hulIcB,  and  all  stationary  vessels,  and  thus 
many  hundred  tons  of  copper  might  have  been  saved  to 
the  nation,  by  a  lesson  first  taught  by  the  copper  naila  in 
the  sheathing  of  a  Roman  galley. 

To  return  to  the  Models  of  the  Exhibition. 

The  general  peace,  amongst  other  blessings,  happily 
brought  a  change  in  the  system  of  ship-building.  The 
weakness  of  ships  in  straining  and  working  had  long  been 
a  subject  of  complaint,  and  great  credit  is  due  to  the 
late  Sir  Robert  Seppings  for  carrying  into  practice  im- 
provementa  au^ested  by  himself  and  others  as  early  as 
1806  and  1810.  The  chief  of  them  were  the  filling  in 
solid  between  the  timbers  up  to  the  hght-water  line ;  the 
system  of  diagonal  trussing  for  the  frame ;  the  connecting 
the  beams  with  the  sidca,  by  shelf-pieces  and  thick  water- 
ways (first  suggested  by  General  B«Bth«n>  to  whom  the 
service  is  indebted  for  man]Hitffl^^^HHHh''>o^  ^ 
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our  ships  and  in  our  dockyards} ;  and,  though  last 
least,  the  circular  stern,  of  equal  strength  with  every 
part  of  the  ship,  leaving  no  point  indefensihle. 

It  may  be  hoped,  that  we  shall  not  lose  sight  of 
object  of  the  circular  stern,  and  permit  utility  to  be 
ficed  to  symmetry  or  to  luxury ;    let  us  beware  of  our 
raking  stems  and  stern  galleries,  beauty  of  form  is  notaa 
absolute  essential  to  a  ship-of-war,  the  power  of  depresd 
the  stem  guns,  and  of  throwing  the  fire  well  clear  of) 
ship,  is  an  object  of  far  more  im|)ortaDce. 

In  1832,  Sir  William  Symonds  succeeded  to  the  ol 
of  Bun'eyor  of  the  Na^y;  and  numerous  models  in  I 
Exhibition,  many  of  which  are  now  on  the  table,  show  1 
difference  of  form  of  hia  ahip^  to  those  of  the  old  M 
Btructiouj  among  others  may  be  mentioned  the  Queaif 
116  guns;  Vanguard,  80;  Vei-non,  50;  Arelhma,  9 
Pique, -iO;  Spartan,  26;  and  Fbjinff  Fish,  12.  Sir' 
Sj'mouds  is  the  first  constructor  of  the  British  n&vy  n 
has  bccD  left  unrestricted  as  to  dimensions,  and  he  I 
consequently  been  able  to  introduce  into  the  service  df 
which  undoubtedly  bear  a  high  character  in  some  decij 
points  of  efficiency  as  men-of-war.  He  has  also  pn 
tically  demonstrated  the  possibility  of  ships- of- war  i 
taining  sufficient  stability  without  the  aid  of  balh 
which  is  an  important  advantage,  and  one  which  will 
yet  productive  of  essential  benefit.  These  advaDta| 
however,  are,  in  some  instances,  gained  at  the  expcs 
of  uneasiness  of  motion,  which  is  produced  by  the  fa 
given  to  the  sides  of  the  ships  immediately  above  t 
below  their  scats  in  the  water,  arising  from  the  stabi] 
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of  his  ships  being  dependent  chiefly  on  breadth  of  beam 
at  the  load-water  section.  But  that  Sir  W.  Symonds 
broke  through  an  ahnost  adamantine  barrier  of  prejudice^ 
and  thereby  conferred  an  important  benefit  on  the  navy^ 
is  now^  we  believe,  universally  acknowledged. 

There  were  several  other  beautiful  models  of  the  expe- 
rimental 50- gun  frigates,  to  which  my  limited  space  will 
only  allow  me  to  refer,  as  the  Indefatigable^  by  Mr.  Wm. 
£dye;  the  Leander,  by  Mr.  Blake;  the  Raleigh,  by 
Mr.  Fincham;  the  Nankin,  by  Mr.  Oliver  Lang,  jun.; 
the  San  Fiorenzo,  by  Messrs.  Reid,  Ghatfield,  and  Creuze ; 
and  the  Ewrydice,  26,  by  Admiral  Elliot,  &c.  Among 
others,  the  sectional  models  of  Mr.  Joseph  White,  of  East 
Cowes,  deserve  honourable  mention,  as  the  Phaeton,  50 ; 
Daring,  12;  Waterwitch,  10;  and  the  Fox,  with  her  old 
and  new  bows,  showing  the  peculiarity  of  this  builder^s 
long  bow,  which  has  proved  itself  superior  to  those  con- 
structed on  the  old  plan.  There  were  also  six  models 
from  a  line-of-battle  ship  to  a  cutter,  intended  to  illus- 
trate a  principle  advocated  by  Mr.  White,  that  all  vessels 
for  the  same  service  may  be  built  from  one  design. 

There  were  also  models  of  sailing  merchant- vessels,  by 
Messrs.  Wigram  and  Green,  of  Blackwall ;  and  Smith,  of 
Newcastle  (whose  ships  in  practical  construction  are  equal 
to  those  built  in  the  Government  dockyards) ;  White,  of 
Cowes ;  Hall,  of  Aberdeen ;  Laing,  of  Sunderland,  &c. ; 
proving  that,  at  length,  our  merchant  builders  have  been 
compelled  to  enter  on  the  career  of  competition,  forced  on 
them  by  the  fast  American  liners,  and  which  for  so  long 
a  period  our  mischievous  tonnage  laws  debarred  them 
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veyance  of  cartridges  from  the  magazines  up  to  the  BercnJ 
decks  or  batteries  of  a  line-of-battle  ship,  might  probably 
be  studied  with  advantage. 

But  my  space  is  e:(hauBted ;  I  can  only  regret  that  tbc 
maritime  nations  of  the  Continent  did  not  send  to  tfir 
Exhibition  specimens  of  their  naval  architecture.  The 
Swedish  ship-builders,  inheritors  of  the  science  and  art  of 
the  celebrated  Chapman,  author  of  the  Arc/iitectura  \m)alu 
Mercatoria,  would  have  figured  honourably,  even  in  com- 
parison  with  the  most  advanced  seafaring  people.  Nor 
have  the  French  builders  of  Havre,  Nantes,  Bordeaai, 
and  Marseille,  contributed  to  the  Eshibition.  From  France 
came  only  a  design  of  the  great  iron  steamer  built  fur  the 
navigation  nf  the  Rhone,  the  most  rapid  and  dangerous  of 
the  French  rivers,  by  Schneider,  of  Creuzot,  who,  during 
the  last  twelve  years,  has  built  eighteen  steamers,  varyiq 
from  80  to  300  horse-power  for  that  traffic. 

Nor  have  I  time  to  do  more  than  mention  Sir  Will 
Snow  Harria's  admirable  lightning-conductor — an  examfj 
of  the  practical  use  that  abstract  science  may  be  to  our 
navy  and  to  the  cause  of  humanity — an  invention  that 
deservedly  received  a  Council  medal.  Also  the  chain 
cables  of  Sir  Samuel  Brown ;  the  anchors  by  Porter  and 
Rodger;  Robertson's  excellent  Manilla  rope;  Erncssen!^ 
sounding-machine ;  the  Admiralty's  admirable 
and  azimuth  compaaaea ;  Bent's  excellent  steering  i 
portable  azimuth  compasses ;  Napier's  magnetic  coure^ 
indicator;  and  the  Satellite  compass,  by  St,  John  of 
Buffalo,  intended  to  point  out  and  measure,  the  effect 
upon  the  needle  of  any  distributing  force 
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mclading  Mr.  G.  Kloonom ;  and,  doubtless,  tbere  is 
macli  to  be  said  in  favour  of  it ;  yet  the  difference  in  the 
speci£c  gravity  of  a  rargo  will  show  the  difficulty  of 
adopting  that  system  :  for  instance,  a  West  India  ship  of 
470  registered  tons  carried  695  tons  of  sugar  or  coal,  or 
970  tons  of  mahogany  timber,  whereas,  had  she  been 
laden  with  wool,  she  would  have  stowed  only  380  tons 
of  cargo !  On  the  other  hand  tbe  late  Tonnage  Com- 
mission of  Rension,  including  Mr.  Parsons,  advocated 
external  measurt-ment ;  but  this  also  has  its  difficulties, 
tnasmucb  as  it  is  stated  that  an  iron  vessel  might  have  an 
advantage  over  a  fir-built  vessel  of  the  same  eirtemal  form 
and  dimensions  of  28  per  cent.  Lieut.  Sharpe,  R.N., 
and  others,  are  in  favour  of  the  difierence  of  displacement 
aa  a  measure  of  tonnage,  or  the  cubic  contents  of  the 
space  between  the  light  and  low-water  lines  measured 
externally  for  all  vessels.  Where  so  many  able  men  have 
treated  on  a  subject,  it  is  not  for  me  to  offer  an  opinion 
upon  the  right  rule.  But  thus  much  is  certain,  that  the 
prL'sent  system  works  ill ;  that  there  are  ample  materials 
before  tbe  public  for  settling  the  qiiestion;  and  that  it 
ought  to  he  settled,  so  as  to  leave  the  builder  free  to 
adopt  the  best  form  of  vessel,  without  any  further  delay. 

Notwithstanding  the  impediments  alluded  to,  wc  trust 
that  many  of  tbe  improved  models  of  merchant- vessels  and 
yachts  shown  in  the  Exbihition  may  he  hailed  as  the  dawn 
of  a  better  state  of  things, — of  a  fresh  starting  point  in 
the  art  of  ship-building, — and  that  the  American  clippers, 
the  American  liners,  and  the  yacht  America, —  which, 
owing  to  tbe  absence  of  prejudice  and  the  aid  of  science  in 
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drawing  exhibited  this  evening  arc  the  lines  of  the  tnoit 
approved  fishing-boats  all  rouud  the  coast  ctf  the  United 
KiDgdoTD,  not  one  of  which  surpasses  the  Mount's  Bay 
boat.  There  were  also  at  the  Exhibition  models  of  the 
Hastino^H,  Deal,  and  Ramsgate  luggers,  a  Yorksliire  coble, 
and  a  Peterhead  herring-boat,  and,  though  last  not  leaat, 
the  model  of  a  fishing-smack  of  Mr,  J.  E,  Saunders,  fitted 
with  an  auxiliary  screw-propeller,  which  deservedly  ob- 
tained a  tnednl ;  the  smack  is  now  fishing  successfully  on 
the  Dogger  Bank,  runs  her  fiah  to  Grimsby  in  the  Itunibcr, 
and  thence  by  rail  to  London,  where  the  tish  ia  delivenlij 
within  twenty-four  hours  of  its  being  caught  in  the  middfl 
of  the  North  Sea,  When  we  consider  that  the  fishings , 
boats  of  the  United  Kingdom  in  1830  amounted  to  36,000 
boats,  manned  by  150,000  men  and  boys,  it  will  be  admitted 
that  this  class  of  men  deserves  some  consideration — th»t 
all  that  can  be  done  towards  iinproving  the  boats,  such  u 
giving  them  moderate  speed,  easy  motion  at  sea,  shelter 
and  comfort  for  the  crew,  capacity  for  cairying  a  large 
cargo,  and  safety  in  taking  the  beach,  should  be  done; 
and  that  as  far  as  may  be  their  small  harbours  should  be 
deepened,  to  enable  them  to  obtain  shelter  in  time  ofi 
and  at  all  states  of  the  tide. 


Id  tK 


I  turn  to  life-boats — the  only  point  on  which  I  can 
pretend  to  a  little  knowledge — and  have  to  exjircss  nij 
extreme  regret,  that  the  large  subject  of  Shipping,  whi 
is  the  business  of  a  professed  Naval  Architect,  should  h 
been  left  to  a  sailor  to  treat  upon. 
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Mediterranean  :  in  short,  a  race-horse  matched  against  a 
well-fed  carriage-horse. 

Stbam  Vessels. 

Probably  no  part  of  Class  VIII.  of  the  Exhibition  will 
be  regarded  with  more  interest  than  that  which  illustrates 
the  early,  progressive,  and  present  application  of  the 
steam-engine  to  navigation.  The  honour  of  having  first 
imagined  a  vessel  to  be  propelled  by  steam  would  seem  to 
belong  to  BJasco  de  Garay,  a  Spaniard;  and  his  plan  was 
tried  as  early  as  the  year  15-13,  by  order  of  the  Emperor 
Charles  V.,  at  Barcelona,  on  a  vessel  of  200  tons,  which 
was  propelled  at  the  rate  of  three  miles  an  hour.  This 
experiment  would  appear  to  have  fallen  into  oblivion.  In 
1736,  Jonathan  Hulls,  in  England,  patented  a  plan  for 
propelling  with  paddle-wheels  J  in  1789,  Symington  pro- 
pelled a  vessel  ou  the  Forth  and  Clyde  Canal  at  the  rate 
of  nearly  scvcu  miles  an  hour;  and  again,  in  1802,  satis- 
factorily worked  a  steam-tug  on  the  same  canal ;  but  it  is 
to  the  undaunted  perseverance  of  Robert  Fulton,  an  Ame- 
rican, that  the  honour  is  due  of  having  carried  the  measure 
into  practical  execution;  and  in  August  1807,  be  made 
his  first  passage  from  New  York  to  Albany  in  the  Clermont, 
of  20-hor9e  power,  at  an  average  speed  of  five  miles  an 
hour.  In  April  1812,  Henry  Bell,  of  Helensburgh,  esta- 
biisbed  a  steam-vessel  in  the  Clyde,  and  steamed  between 
that  place  and  Glasgow,  also  at  the  rate  of  five  miles  an 
hour. 

In    1818,   a  steam-ship    crossed   the   Atlantic   from 
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best  of  these  formed  tlie  Duke's  contribution  t<i  the  Gi 
Exhibition. 

A  repoi't  on  these  models,  accompanied  by  plans  and 
drawings  of  tlic  most  approved  of  them,  was  prepared 
at  the  expense  of  his  Grace,  and  1300  copies  of  it  gretiii- 
tuuBly  distributed,  nut  only  throughout  the  length  and 
breadth  of  our  island,  but  to  all  the  niaritixne  nations  of 
Europe  and  the  United  States  of  America;  in  addition 
to  which  his  Grace  publicly  expressed  hia  intention  of 
placing  the  best  life-boats  that  can  be  built,  and  every 
means  for  saving  life  from  shi|)nTeck,  on  all  the  exposed 
points  of  the  coast  of  Northumberland. 

It  would  ill  become  me  to  pronounce  an  eulogium 
on  Bucb  princely  generosity  in  this  sacred  cause;  but 
I  am  permitted  to  quote  the  words  of  the  distinguished 
senator,  £aron  Charles  Dupiu,  Chairman  of  the  Jury  of 
Class  VIII.,  who,  after  reciting  the  above  facts,  sums  np  the 
award  of  the  Jur)'  in  the  following  words: — 

"  These  models  figure  among  the  most  valuable  pro- 
ductions in  our  Great  Exhibition,  and  furnish  a  splendid 
exanijile  of  liberality,  in  the  cause  of  humanity  and  pi 
tical  science,  never  surpassed,  if  ever  equalled.  Such 
the  motives  for  which  we  have  judged  bis  Grgce 
Duke  of  Northumberland  worthy  of  receiving  the  Coi 
medal," 


endid 
luiU^^I 


Such,  then,  being  the  importance  attached  to  these 
models  by  the  unanimous  decision  of  a  Jury  composed  of 
distinguished  men  of  all  nations,  and  the  object  being  the 


BHIPS,  STEAK-EN GINBS,  AND  LIFE-BOAn.  5 

ScsEW  Steamers. 

Taking,  however,  the  best  of  our  paddle-wheel  war 
Bteamers,  and  admitting  all  the  improvementa  that  have 
from  time  to  time  been  introduced,  the  fact  of  the  Kinall 
amount  of  armament  that  they  carry  relatively  to  the  burthen 
of  the  vessel  and  the  power  of  the  machinery,  forcibly  claims 
attention.  Latterly  the  Odin,  Sido/i,  Terrible,  and  Retri- 
bution, have  been  constructed  to  carry  broadside  guns,  but 
their  wheeU  and  part  of  their  machinery  must  necessarily 
remain  exposed  to  shot;  this  is  an  inherent  defect  in  prin- 
ciple in  paddle-wheel  steamers,  which  no  skill  of  the 
builder  can  overcome.  We  are  driven,  therefore,  to  seek 
some  other  mode  of  propulsion.  This,  happily,  has  been 
found  in  the  screw ;  and,  perhaps,  in  the  whole  range  of 
experiments  connected  with  the  application  of  steam  to 
ships,  there  is  no  point  of  greater  interest  than  the  gradual 
progress  and  ultimate  trium]»h  of  the  screw-propeller. 

The  immense  advantage  of  a  submerged  propeller  over 
the  paddlt'-wbcel,  as  an  auxiliary  to  sailing-vessels,  in 
point  of  economy,  in  protection  from  shot,  and  as  leaving 
the  broadside  of  a  ship-of-war  free  for  guns,  renders  any 
sacrifice  of  time  and  expense  to  accomplish  the  object  in 
the  best  manner  well  worthy  of  the  nation. 

Passing  over  the  early  history  of  this  application  of 
the  screw,  we  come  to  the  patent  taken  out  by  Mr,  Prands 
Smith  in  May  1830,  and  that  by  Captain  Erricsscn  in  July 
following.  The  former  made  his  first  trial  in  the  Archimedet, 
on  the  30th  September,  1837,  which  at  once  established 
the  practicabihty  of  this  propeller.     In  1845,  a  trial  of 
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ascciraiDeu,  /su  lives  were  lusi. 
appear,  this  is  Dot  any  very  unusual  nu 
amount  is  annually  lost,  leaving  a  propo 
of  widows  and  orpbana. 

It  is  not  an  uncomnion  occurrence  for 
wind  to  strew  tlie  coast  with  wrecks,  Ii 
gales  which  orcurred  in  the  years  1821,  1 
there  were  lost  on  tbc  cast  coast  of  Eiigls 
Humber  and  the  Tees,  169  vessels.  In  tl 
the  Slst  August  and  Ist  September,  1833, 
British  vessels  were  lost  on  the  sands  in  th( 
on  the  east  coast  of  England.  In  the  di 
the  13th  January,  1843,  103  vessels  were 
coasts  of  the  United  Kingdom.  Id  the 
many  as  39  vessels  got  ashore  in  Hartlc 
In  the  month  of  March  ISiiO,  not  less 
were  wreckrd  on  our  own  coasts.  In  the 
and  26th  September  last,  not  less  than  11 
the  whole  month  153,  were  stranded,  can 
or  sunk  within  the  seas  and  along  the  sho 
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cited^  and  even  these  probably  fall  short  of  the  real 
numbers.  No  complete  record  of  shipwrecks  is  kept; 
Lloyd's  List,  however  full,  is  confessedly  imperfect.  But 
the  facts  quoted  are  sufficient  to  prove  an  appalling  amount 
of  loss  of  life,  and  the  absolute  necessity  that  exists  for 
establishing  around  our  coasts  the  most  perfect  means  in 
our  power  for  the  preservation  of  life  from  shipwreck.  Of 
these  means  the  most  important  is  the  life-boat. 

The  first  life-boat  used  in  England  was  invented  by 
Henry  Greathead,  boat-builder  of  South  Shields,  in  1789, 
in  consequence  of  the  wreck  of  the  Adventure  on  the  Herd 
Sand  at  the  entrance  of  the  Tyne.  As  the  first  boat  of  the 
sort,  the  original  model  of  which,  on  the  scale  of  one  inch 
to  a  foot,  now  lies  on  the  table,  it  may  be  as  well  to  record 
her  exact  dimensions.  They  are  as  follows : — Length  ex- 
treme, 30  feet ;  length  of  keel,  20  feet ;  breadth  of  beam, 
10  feet;  depth  of  waist,  3^  feet;  depth  inside  to  the  deck, 
2^  feet;  stem  and  stern  alike,  5|  feet  high;  sheer  of  gun- 
wale, 30  inches ;  pulls  ten  oars,  double-banked  with  thole- 
pins and  grummets.  Very  raking  stem  and  sternpost; 
depth  of  main  keel,  4  inches ;  great  camber  or  curvature  of 
keel,  with  three  sliding  keels.  A  cork  lining  12  inches 
thick  on  each  side,  fore  and  aft,  from  the  deck  to  the 
thwarts;  and  a  cork  fender  outside,  16  inches  deep,  4 
inches  wide,  and  21  feet  long,  not  reaching  to  stem  or 
stem  within  4^  feet.  She  would  not  free  herself  of  water, 
nor  self-right  in  the  event  of  being  upset.  This  boat  was 
built  by  subscription  at  South  Shields,  and  launched  in 
January  1790.   The  Society  of  Arts  rewarded  the  inventor 
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lent  of      J 


with  its  Gold  Medal  and  iifty  guineas  in  the  year  1802  ^ 
and  Parliament  voted  to  him  1300/.  in  acknowledgment  of 
the  utility  of  liis  invention. 

From  that  period,  now  siity  years  ago,  to  the  pi 
time,  vanous  modifications  of  the  above  boat  have 
built.  Some  have  introduced  air-tight  cases  instead  of 
cork,  some  water  ballast,  fcc;  hut  reserving  for  the  present 
any  remark  on  them,  we  eome  at  once  to  the  Northumber- 
land prize-model  by  James  Beeching,  of  Great  Yarmouth, 
which  was  sent  to  the  Great  Exhibition. 

It  may  be  seen  from  the  model  of  that  boat  now  on 
the  table  that,  from  lier  form,  she  would  both  pull  and  sail 
well  in  all  weathers  :  would  have  great  stability,  and  he  a 
good  Kea-boat ;  she  has  moderately  small  internal  capacity  t 
under  the  level  of  the  thwarts  for  holding  water,  and  ampis 
means  for  freeing  herself  readily  of  any  water  that  migl 
be  shipped;  she  is  ballasted  by  means  of  water  admiti 
into  a  well  or  tank  at  the  bottom  after  she  is  afloat 
by  means  of  that  ballast  and  raised  air-caacs  at  the  exti 
mities,  she  would  right  herself  in  the  event  of  being  up! 
It  will  thus  be  seen  that  this  model  combines  most  of 
qualities  required  in  a  life-boat ;  and  the  boat  whieh 
since  been  built  after  it,  and  is  now  stationed  at  Ramsgate, 
is  said  to  answer  her  purpose  admirably. 

Mnuy  others  of  the  models  sent  to  the  Exhibition  harl^ 
somewhat  similar  good  features.  Hinks,  of  Appledore,  t* 
whom  a  medal  was  awarded,  has  greatly  reduced  the 
internal  capacity  of  his  boat,  which  gives  him  precedence 
over  some  otherwise  equally  good  forms.  Plenty,  of  New- 
•  "  TranFiactions  of  the  Stjcict;  of  Arts,"  vol. 
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^yitj,  also  a  medallist^  has  done  the  same;  he  has  also 
^liown  much  skill  in  the  mode  of  applying  cork  to  the 
^ttom  of  his  boat.  Two  small  boats  by  this  builder,  one 
%t  Appledore^  Devon,  and  the  other  at  Skegness,  in  Lin- 
^ohshire^  have  been  instrumental  in  saving  120  lives. 
Harvey  and  Son,  of  Ipswich,  contribute  a  fine  sailing- boat, 
'^hich  has  the  property  of  ballasting  with  water.  The 
model  of  Forrest  and  Laurie,  also,  has  some  good  points, 
and  takes  a  fair  stand.  Teasdel,  of  Great  Yarmouth, 
another  well-deserved  medal,  is  well  known  as  having 
built  several  fine  boats  stationed  at  Caistor,  Pakefield,  and 
Southwold,  on  the  coasts  of  Norfolk  and  Suifolk,  which 
have  been  the  means  of  saving  seventy-two  lives.  One 
excellent  feature  in  his  boats  is  the  use  of  air-cases 
detached  from  the  side,  so  that  they  can  be  examined  and 
repaired  at  any  time.  In  point  of  workmanship  and  finish, 
Teasdel's  models  were  not  surpassed  by  any  sent  to  the 
Exhibition. 

Costain,  of  Liverpool,  is  also  entitled  to  credit  for  his 
detached  air-cases,  in  the  form  of  breakers  or  small  barrels, 
secured  to  the  side;  and  for  his  diagonal  mode  of  building. 
His  boat,  from  its  form,  would  pull  and  sail  fairly,  and 
have  good  stability ;  but  it  has  large  internal  capacity,  no 
means  of  freeing  itself  nrom  water  that  may  be  shipped,  and 
would  not  right  in  the  event  of  being  upset.  At  the  same 
time  it  must  be  remarked  that  there  are  nine  boats  (built 
on  this  model,  we  believe)  stationed  at  Liverpool ;  there 
are  also  boats  designed  by  him  at  Carnarvon,  at  Anglesea, 
and  Shoreham.  The  Liverpool  life-boats,  supported  by 
the  Dock  Trustees,  and  under  the  superintendence  of 
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Lieut.  Lord,  R.N.,  hsve  been  the  means  of  assisting  2C9 
vessels,  aud  saving  1138  lives  during  the  last  eleven  yean, 
so  that  the  boats  must  be  fine  sea-boats,  and,  in  addition 
(which  has  DO  doubt  a  great  deal  to  do  with  it),  must  be 
effieieiitly  manned  and  well  managed. 

Bromley,  of  Sheerness,  has  ingeniously  tilled 
interior  of  his  boat,  from  the  keelson  to  the  dat,  with 
and  air  quartered  alternately,  thus  reducing  his  ini 
capncity  by  a  combination  of  ballast  and  buoyancy.  Liea- 
tenaut  Sharjie,  U.N,,  proposes  to  fill  the  whole  of  his  boat 
below  tbe  thwarla  (excepting  spaces  for  the  rovrcrs)  «ilh 
cork,  so  arranged  that  be  can  remove  pieces  of  it  to  make 
room  for  passengers, when  required.  Hodgson,  of  BIytfa, 
Arrowsmith,  of  Portsmouth,  also  fit  their  boota  with 
BO  distributed  as  to  greatly  reduce  internal  capacity, 
yet  to  leave  ample  space  for  passengers.  Unqiiestional 
the  use  of  cork  is  preferable  to  air-eases  as  being  less  sub- 
ject to  injury,  and  there  seems  reason  to  believe  that 
the  lightest  fishermen's  cork  is  sufficiently  light  to  be  used 
for  the  greater  part  under  the  deek  instead  of  air-cases  for 
reducing  the  internal  capacity,  and  at  the  same  time  heUT 
enough  to  act  as  ballast  iustead  of  water.  ^ 

The  late  Commodore  Lord  John  Hay,  C.B.,  SupM 
intendent  of  Her  Majesty's  Dockyard  at  Devonport,  senr 
the  model  of  a  life-boat,  which  now  lies  on  the  table.  It 
will  he  seen  that  this  boat  would  pull  moderately  well  and 
sail  fairly,  would  free  herself  from  water,  would  right  him- 
self quickly  in  tbe  event  of  being  upset,  but  is  rather  want- 
ing in  stability.  Tbe  boat  is  of  a  peculiar  mode  of  prac- 
tical building,  being  constructed  of  narrow  planks,  pinned 
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togetber  through  the  edges^  without  timbers.     It  is  said 
to  be  both  durable  and  economical. 

Mr.  Turner^  Assistant  Master  Shipwright  at  Devon- 
port^  also  submitted  the  model  of  a  boat  which  he  proposes 
as  a  Coast  Guard  safety-galley.  Such  a  boat  would  pull 
&8t,  would  free  herself  of  water,  would  right  herself  in  the 
event  of  being  upset,  but  seems  wanting  in  stability.  The 
former  of  these  are  valuable  points  in  a  boat  to  be  em- 
ployed in  a  service  so  exposed  to  bad  weather  as  that 
of  the  Coast  Guard,  and  a  boat  of  this  description,  with 
sufficient  stability,  would  be  of  great  use  in  the  Revenue 
service. 

The  group  of  life-boats  generally,  from  Shields,  the 
Tyne,  Sunderland,  and  others  from  Hartlepool  and  Whitby, 
may  be  considered  as  having  for  its  type  a  flat-bottomed 
troop-boat,  or  steamer^s  paddle-box  boat.  The  model  of 
Farrow,  of  South  Shields,  which  gained  the  first  premium 
in  a  life-boat  model  competition  at  South  Shields  in  1842, 
and  again  at  Newcastle  in  1850,  is  perhaps  a  fair  specimen 
of  this  class.  It  has  small  internal  capacity,  a  moderate 
proportion  of  delivering  area  (although  not  enough),  water 
ballast  in  the  bottom  to  be  admitted  when  afloat,  raised 
air-cases  in  the  bow  and  stern-sheets,  clear  access  to 
the  extremities,  ample  room  for  carrying  passengers,  and 
she  might  right  herself  in  the  event  of  being  upset, 
all  of  which  are  good  qualities.  With  respect  to  the  form 
of  this  ckss  of  boats,  its  advantages,  beyond  great  stability, 
are  not  easy  to  be  discovered ;  if  the  life-boats  were  towed 
out  to  the  site  of  the  wreck  by  a  steam-tug,  as  at  Liverpool 
(and  which,  in  a  port  like  Shields,  abounding  with  steam- 
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tugs,  might  have  been  expected),  it  would  be  e«ief  to 
uQilcrBtand  itj  but  for  a  boat  that  has  to  pull  out  of  a 
river,  and  often  against  a  strong  wind  and  tide,  it  b 
difficult  to  comprehend  why  such  a  form  aa  that  given 
to  ihe  Yarmouth  boat,  No.  I,  should  not  be  pieferred. 
It  must,  however,  be  borne  in  mind  that  the  boats  stationed 
at  North  and  South  Shields  have  done  good  sen-ice,  and 
been  instrumental  in  saving  hundreds  of  lives. 

Lee,  of  Tweedmouth,  Milbum,  of  Blyth,  and  Edmond, 
of  Scarborough,  have  sent  life-boats  after  the  model  of  tbe 
north-country  coble.  The  good  qualities  of  the  coble  on 
the  coasts  of  North  umberl and,  Durham,  and  Yorkshire, 
when  employed  as  a  pilot-boat,  or  a  tishing-boat,  n 
shallow  water,  and  for  landing  on,  or  embarking  ) 
flat  beacb  in  not  very  stormy  weather,  are  too  well  li 
to  require  remark;  but  it  is  doubted  whether  the  forij 
is  applicable  for  tbe  general  purposes  of  a  life-boat,  either 
on  a  Hat  coast  or  on  any  other.  The  low  square  stern  and 
want  of  keel  on  the  after  body  will  not  admit  of  run- 
ning the  boat  before  tbe  wind  when  blowing  hard;  and 
in  proof,  it  may  be  stated,  that  in  an  accident  at  Newbiggin, 
in  March  1851,  when  fourteen  lives  were  lost,  some  of  the 
cobles  went  down  by  the  stem,  and  the  very  fishermen 
who  invariably  use  tbe  coble  for  their  own  purposes,  have 
expressed  a  wish  to  have  a  life-boat  of  a  whale-boat  form. 

Another  class  of  boats,  offering  in  form  a  strong 
contrast  to  the  Shields  boats  before-mentioned,  require 
notice,  as  they  seem  to  be  intended  by  their  builders  for 
contending  with  rapid  tides  and  smoother  water,  rather_ 
than  tbe    ordinary   heavy   open    sea    to 
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are  commonly  exposed.  Their  breadth  is  about  one-fourth 
their  length.  The  models  of  Messrs.  White,  the  well- 
known  builders  at  Cowes ;  of  Tredwen,  of  Padstow ;  of 
Semmens  and  Thomas,  of  Penzance;  of  Lieut.  Sharpe, 
R.N.,  of  Han  well  Park;  of  Sparke,  of  Exeter;  and  of 
Bromley,  of  Sheeruess,  belong  to  this  group.  As  a  row- 
ing-boat in  moderate  weather,  a  boat  after  the  model  of 
the  Messrs.  White  would  distance  most  of  those  sent  to  the 
Exhibition;  and  it  is  known  that  in  very  heavy  weather  such 
a  boat  has  been  the  means  of  saving  life.  The  boat  of  Mr. 
George  Palmer,  of  Nazing  Park,  Essex,  is  also  of  this  class. 
It  claims  attention  as  being  the  model  which  has  hitherto 
been  generally  adopted  by  the  National  Shipwreck  Insti- 
tution; and  several  similar  boats  are  placed  around  the 
coasts,  as  at  the  Isle  of  Anglesey,  and  elsewhere. 

Among  other  models  was  one  by  Mr.  Willem  Van 
Houten,  of  Rotterdam,  President  of  the  South  Holland 
Shipwreck  Institution,  being  that  of  the  life- boat  in  use  in 
Holland,  where  six  boats  are  stationed  in  the  neighbour- 
hood of  the  entrance  to  Rotterdam.  This  boat  has  a  flat 
bottom^  to  suit  it  to  the  nature  of  the  coast ;  it  is  said 
to  have  been  the  means  of  saving  many  lives.  M.  Ed. 
Lahure,  of  Havre,  to  whom  the  Jury  awarded  a  medal, 
sent  a  full-sized  boat,  such  as  is  in  use  at  that  port ;  it  is 
of  iron,  with  a  very  rising  floor.  It  is  said  to  right  itself 
in  the  event  of  being  upset,  and  to  have  been  the  means  of 
saving  several  Uves.  Francis,  of  New  York,  also  sent  a 
model  of  what  is  termed  the  'Mife  surf-boat/'  which 
has  the  peculiarity  of  being  made  of  corrugated  galvanised 
iron.      From  experiments  that  have  been  made  on  this 
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boat,  it  appears  unsuitable,  under  ila  preseut  form,  for  ibe 
general  purposes  of  s  lil'e-boitt  ou  any  part  of  the  coast  of 
tiiis  country.  We  learn  from  the  printed  tcstimi 
which  accompany  this  model,  that  the  Govemnn 
the  United  States  Lave  eatabhshcd  life-boat  stntiuns 
the  coast  of  New  Jersey  at  every  ten  miles  apart,  at  a 
for  the  whole,  of  2000/. 

We  may  here  add  that  there  are  life-boats  in  Fi 
stationed  at  Havre,  Boulogne,  and  Calais ;  in  Belgium,  at 
Dunkirk  and  Ostend ;  in  Holland,  at  Zieriksee,  Bron- 
werahauen,  Rockanje,  Gravc'aande,  Ter  Ileidc,  and 
veningcn,  or  three  on  each  side  of  the  entrance  of 
river  leading  to  Rotterdam,  within  a  distance  of  ti 
tnilcs  on  cither  side.  There  are  also,  it  is  saiil, 
life-boats  stationed  on  the  east  coast  of  Jutland,  at' 
expense  of  the  Danish  Government,  but  wc  have  not 
able  to  ascertain  the  names  of  the  stations;  and  some  ud 
the  coast  of  Prussia,  on  the  shores  of  the  Baltic.  We 
regret  that  we  are  not  able,  either,  to  name  where  these 
are  placed  ;  but  we  well  know  that  the  inhabitants  of  the 
Island  of  Riigen  are  famed  for  their  hospitality  and  kisi 
ness  to  shipwrecked  sailors,  and  wc  believe  that  there: 
some  ancient  humane  laws  still  in  force  respecting  wi 
which  are  immediately  taken  charge  of  by  Governmi 
officers,  and  thus  those  disgraceful  scenes  formerly  of 
common  occurrence  nearer  home  are  entirely  prevented. 

In  several  of  the  models  it  is  proposed  to  use  paddle- 
wheels,  and  in  some  a  screw,  as  a  propeller,  to  be  worked 
by  cranks.  Bremner,  of  Wick,  places  his  paddle-' 
within  what  may  be  considered  a  double  boat.    RemiDj 
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of  Warkworth,  boldly  propoaes  the  use  of  steam,  aud 
Coryton  of  atraospheric  air,  as  a  moviug  power.  The  time 
toay  come  when  steam  may  be  so  under  control  as  to 
be  made  directly  applicable  to  a  life-boat  (and  in  the  form 
of  a  steam-tug  it  is  already  of  great  use,  aud  might  be 
mucb  more  used  with  advantage),  but  for  the  present 
we  do  not  feel  that  we  should  be  warranted  in  recom- 
mending any  other  propeller  than  oars.  With  respect 
to  manual  labour  applied  to  cranks  for  moving  paddles, 
no  proof  has  yet  been  adduced  that  sufficient  power  or 
speed  can  be  obtained  by  means  of  it ;  paddle-wheels 
would  fail  also  in  turning  the  boat  quickly,  or  in  a 
short  space. 

The  group  of  models  representing  pontoons,  rafts, 
or  catamarans,  comprises  a  numerous  body.  BusscU  and 
Oswald,  of  Douglas,  Isle  of  Man;  Dockar,  of  KanfF;  the 
Hon.  and  Rev.  A.  Perceval,  of  Bookham;  Giile  of  Hull, 
and  others,  have  shown  ingenuity  in  their  models,  but 
they  cannot  be  made  applicable  to  the  purposes  of  a 
life-boat  wheu  required  to  pull  off  a  lee  shore  in  a  gale 
of  wind.  Catamarans  are  much  used  at  Bahia,  aud  at 
other  places  on  the  coast  of  Brazil,  and  it  is  known 
that  they  remain  at  sea  in  stormy  weather;  but  that  is 
a  very  different  thing  from  being  so  much  under  control 
as  to  be  enabled  to  approach  a  wreck.  The  real  use 
of  a  raft  is  that,  at  the  last  extremity,  and  wheu  all  boats 
are  stove,  it  can  be  formed  out  of  the  Bi>ar8  on  board 
the  stranded  vessel,  and  thus  afford  the  crew  a  means 
of  escape  by  driving  ashore  before  the  wind  and  sea  ;  and 
every  sailor  should  make  himself  familiar  with  the  simple 
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plans  proposed  by  Captain  Bullock,  R.N.  and  othcn,  for 
readily  furmiug  such  a  raft  in  time  of  need. 

It  is  unnecessary  to  touch  further  on  the  peculiar 
features  of  the  several  models  sent  to  the  Exhibitiao, 
but  we  must  invite  your  particular  attention  to  a  model 
and  drawing  of  a  life-boat,  designed  by  Mr.  Feake, 
assistant  master  shipwright  in  Her  Majesty's  Dockyard 
at  Woolwich,  and  by  permission  of  the  Admiralty,  built  ia 
that  yard,  under  his  superintendence.  This  boat  appears 
to  combine  most  of  the  requisite  qualities  of  a  life-boat. 
She  has  buoyancy,  stability,  power  of  self-righting,  of 
freeing  herself  of  water,  and  capaeity  for  carrying  a 
rescued  crew,  and  there  is  little  doubt  but  that  she  will 
prove  an  efficient  boat. 

One  concluding  remark  on  this  part  of  the  subject  we 
may  be  allowed  to  add,  namely,  the  satisfaction  that  we 
have  derived  from  witnessing  the  number  of  models  sent 
in  by  men  who  are  earning  their  daily  bread  as  workine 
shipwrights  or  boat-builders  in  the  various  private  and 
public  dockyards  in  different  parts  of  the  kingdom,  u 
it  affords  additional  evidence  that  many  of  the  working 
class  are  thinking  men,  and  it  evinces  a  desire  to  improve, 
which  is  highly  creditable  to  them. 

The  essential  points  for  a  life-boat  may  be  gathered  firora 
the  few  remarks  that  have  been  already  made  iu  noticing 
the  several  boats;  but  having  had  the  advantage  of  examin- 
ing all  the  different  models  sent  to  the  Exhibition,  it  may 
be  useful,  in  a  point  of  so  much  importance,  to  state 
the  conclusions  arrived  at  on  the  several  points  of  form, 
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dimensions^  material^  internal  fittings^  &c. ;  and  thisj  I 
believe,  will  be  in  accordance  with  the  suggestions  of 
His  Royal  Highness  that  these  Lectures  should,  as  far  as 
may  be,  indicate  thci  path  for  onward  progress  rather  than 
refer  to  special  excellencies,  or  pass  in  review  the  valied 
objects  in  the  Exhibition. 

Form. 

The  form  best  adapted  for  the  general  purposes  of  a 
life-boat  is  that  usually  given  to  a  whale-boat,  that  is, 
both  ends  alike,  but  with  more  breadth  of  beam ;  fine  lines 
to  enable  the  boat  to  pull  well,  but  sufficient  fulness 
forward  to  give  buoyancy  for  laimching  through  a  surf; 
good  cheer  of  gunwale,  say  an  inch  for  each  foot  of  length, 
but  rounded  off  towards  the  extremes ;  a  long  flat  floor ; 
sides  straight  in  the  fore-and-aft  direction;  the  gunwale 
strake  in  the  midships  to  tumble  home  slightly  to  protect 
the  thole-pins,  and  the  bow  strake  to  flare  out  slightly  to 
throw  the  sea  off;  as  much  camber  or  curvature  of  keel 
as  can  be  combined  with  steady  steering,  and  safe  launch- 
ing from  a  beach,  in  order  that  the  boat  may  be  turned 
quickly  to  meet  a  heavy  roller  when  about  to  break  on  her 
broadside. 

Dimensions. 

In  point  of  length  life-boats  may  be  conveniently 
divided  into  three  classes — from  20  to  25  feet,  from  25  to 
30  feet,  and  from  30  to  36  feet ;  which  last  may  be  con- 
Bidered  the  maximum,  and  a  length  rarely  required.  The 
smaller-sized  boat  is  handy  on  those  parts  of  the  coast 
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where  it  is  difficult  to  find  a  crew,  a  difficalty  that  would 
be  found  to  extend  to  a  great  part  of  the  shores  of  ihu 
kingdotn.  Such  a  boat  would  be  easily  transported  along- 
shore, easily  launclied,  and  readily  manned,  and,  except  in 
some  special  casca,  would  generally  bring  on  shore  the 
whole  of  the  crew  of  a  stranded  vessel;  and  as  the  boat's 
crew  need  not  consist  of  more  than  six  men,  there  would, 
in  case  of  ao  accident  occurring,  be  fewer  lives  perilled. 
The  two  boats  already  alluded  to  as  built  by  Plenty,  oue 
on  the  coast  of  Devon,  and  the  other  on  the  coast  of 
Lincolnshire,  are  respectively  18  and  24-feet  boats,  and 
they  have  saved  1^0  lives  within  the  last  few  years. 

The  medium,  or  30-fcet  boat,  to  pull  ten  oars  double- 
banked,  IS  probably  the  best  adapted  for  the  general  pur- 
poses of  u  life-boat  at  all  places  where  a  sufficient  crew 
can  be  readily  found  to  man  her.  Such  boats  are  in  use 
at  Liverpool,  Shields,  Dundee,  and  other  large  ports, 
whei-e  no  difficulty  is  experienced  in  finding  a  crew,  and 
on  a  special  occasion,  at  Liverpool,  one  is  said  to 
brought  on  shore  60  persons.  At  less  populous  pi 
along  the  coast  a  2o-feet  boat  would  be  found  more 
manageable  in  point  of  crew. 

The  maximum,  or  36-fect  boat,  is  adapted  for 
places  as  Yarmouth,  Lowestoft,  Deal,  &c.,  where  it 
invariable  custom  to  go  off  under  sail,  and  where  there  is 
never  a  difficulty  in  finding  beachmen  to  launch  or  man 
the  boats,  however  large.  The  wTceka  at  Yarmouth  and 
Deal  occur  generally  on  outlying  sands,  and  the  boat 
that  bap]>ens  to  be  to  windivard  on  the  coast,  according 
the  direction  of  the  wind,  goes  off  under 
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wreck.  Thus,  should  a  wreck  occur  on  the  Yarmouth 
sands  in  a  south-east  gale,  the  Fakefield  or  Lowestoft  boat 
would  puah  off,  while  iu  a  north-east  gale,  the  Caiator  or 
Corton  boat  would  put  to  sea.  The  boats  actually  in  use 
at  these  places  are  from  40  to  45  feet  long;  they  weigh 
from  four  to  five  tons,  and  cost  from  200/.  to  250/,  each. 
They,  therefore,  foi-m  the  exception  to  the  general  rule; 
but  they  are  powerful  boats,  are  admirably  manned  and 
handled,  and  have  been  the  means  of  aaving  aome  300 
lives  within  the  last  thirty  years. 

With  respect  to  bi-cadtb  of  beam,  in  a  rapid  tideway, 
as  the  Tay,  the  Humber,  the  Bristol  Channel,  the  shores 
of  the  Isle  of  Man,  the  Shannon,  &c.,  a  boat  somewhat  of 
the  galley  form,  but  with  ends  like  a  whale-boat,  would 
be  more  suitable  than  a  wider  boat.  In  these  exceptional 
cases  the  breadth  of  beam  might  be  one-fourth  the  length; 
but  for  a  lire-boat,  where  the  requirements  arc,  roominess 
for  passengers,  width  to  pull  double-banked,  stability  to 
resist  people  moving  about,  and  occasionally  pressing  down 
OD  one  side  in  rescuing  a  man  from  the  water,  it  should 
never  be  icsa  than  one-fourth.  The  Tyne  boats  have  a 
breadth  of  fully  one-third  the  length,  and  some  more,  but 
such  would  not  seem  to  be  the  best  proportions ;  probably 
as  1  to  3ft,  or  8  feet  of  beam  to  a  length  of  30  feet, 
would  best  suit  the  general  purposes  of  a  life-boat. 

As  to  depth,  it  seems  only  necessary  to  observe,  that 

a  boat  that  baa  to  be  launched  through  the  surf  on  a  beach 

should  not  be  too  shallow  in  the  waist.     The  well-known 

[siulab,  or  surf-boats,  at  Madras,  have  sides  8  feet  deep. 

I  height,  however,  would  not  suit  a  boat  that  Las  to 
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pull  off  a  lee-ahore  against  a  gsle  of  wind,  where  the  lesa 
eurface  exposed  the  better.  As  a  general  rule,  the  free- 
board, or  Leight  of  gunwale,  from  the  surface  of  the  water, 
with  crew  and  gear  on  hoard,  should  not  be  less  than  from 
22  to  24  inches. 

The  weight  suitable  to  a  life-boat  does  not  seem  to 
have  received  much  consideration  from  our  builders,  to 
judge  from  the  difference  in  existing  boats.  Those  at 
Holy  Island,  at  Yarmouth,  and  Southwold,  aa  before 
mentioned,  with  their  gear,  weigh  about  five  tons,  whereas 
many  of  the  models  sent  to  the  Exhibition  were  said  Mad 
weigh  less  than  half  a  ton.  The  meau  between  tha^l 
two  extremes  will  be  near  the  truth.  Tor  however  de- 
sirable lightness  is  for  transport  along  a  beach,  a  certain 
weight  of  boat  is  necessary  to  resist  the  force  of  the  waves 
and  to  retain  momentum,  so  as  not  to  risk  being  driven 
back  by  the  sea;  under  which  consideration  1  cwt.  or  IJ 
cwt.  for  each  foot  of  length  would  be  a  fair  general  rule. 
The  weight  of  gear  would  vary  from  5  cwt.  to  15  ewt, 
according  as  it  comprises  oars,  masts,  sails,  anchor,  cable, 
warps,  &c. 

Whatever  be  the  length  of  the  boat,  care  should  be 
taken  that  the  space  between  the  thwarts  should  not  be 
less  than  from  28  to  30  inches,  as  in  pulling  in  a  seaway 
it  is  impracticable  always  to  keep  stroke;  and  if  the  thwarts 
are  too  close,  the  loom  of  one  man's  oar  is  liable  to  strike 
the  back  of  the  man  abaft  him.  This  is  a  common  com- 
plaint in  life-boats.  The  oars  should  be  short  to  pull 
double-banked,  and  of  fir,  as  being  lighter,  more  buoyant, 
and  stiffen  than  ash,  which  is  too  pliant.     They  should 
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pull  with  iron  thole-pins  having  rope  grummets  secured 
to  them^  and  the  pins  should  be  so  placed  that  the  boat 
may  be  pulled  either  way^  by  the  men  merely  turning 
round  on  the  thwarts. 

Materials. 

Hitherto  all  our  boats  have  been  of  wood^  but  the 
testimonials  in  favour  of  metal  boats  are  very  strong. 
Galvanized  iron  (if  that  process  prevents  oxidization  and 
the  action  of  sulphur  from  coal  smoke^  which  does  not  yet 
seem  to  be  established)  would  be  the  most  economical, 
and  the  corrugated  form  of  it  would  give  strength.  But 
if  metal  boats  be  adopted,  copper  might  be  preferred  as 
more  durable  and  more  tractable.  The  boats  in  which 
Lieut.  Lynch,  of  the  United  States  navy,  descended  the 
rapids  of  the  river  Jordan  in  1848,  were  of  copper,  and 
that  officer  reports  most  favourably  of  them.  It  is  said 
that  a  copper  boat  is  now  supplied  to  every  vessel  in  the 
United  States  revenue  service,  if  not  to  the  navy  at  large. 
The  first  cost  of  such  boats  would  be  heavy,  but  the 
material  would  always  be  of  value.  In  metal  boats  it  is 
affirmed  that  the  air-tight  cases  could  be  more  easily  built 
into  the  boat  (if  in  any  case  such  were  admissible),  and 
kept  from  leaking.  About  one-tenth  of  the  whole  of  the 
models  sent  to  the  Exhibition  were  of  iron.  I  am  far 
from  advocating  the  adoption  of  metal  boats  as  life-boats, 
but  I  would  not  object  to  a  fair  and  full  trial  of  them  at 
any  convenient  opportunity. 

In  the  construction  of  wood  boats,  well-seasoned  Scotch 
larch,  from  its  durability  and  lightness  (its  specific  gravity 
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bcin^  little  more  than  double  that  of  cork),  would  be 
fimnd  the  best  material,  but  neither  Polish  nor  Italian 
larch  should  be  trusted  to,  American  white  cedar  is  both 
light  and  durable.  Oue  advantage  in  having  wood  boats 
\a,  that  we  should  havf  the  benefit  of  the  skill  of  the 
numerous  boat-builders  around  the  coasts,  \vhereas  the 
building  of  metal  boats  is  confined  to  a  few  hands;  sad 
there  is  an  advantage  in  having  a  boat  built  by  an  ejipe- 
rienced  man,  who  designs  and  executes  his  own  work. 

Of  gutta-perchn,  caoutchouc,  kamptulicou,  and  other 
similar  materials,  we  have  do  experience  that  can  be  relied 
OD.  A  gutta-pereha  boat  was  taken  out  to  the  Arclie 
rc-giona  last  spring,  but  the  time  of  trial  was  .too  short  for 
any  decisive  opinion  to  be  formed  on  Its  merits.  It  it 
stated  that  the  mnfcrial  shrinks,  and  it  certainly  will  not 
bear  a  continued  ehafe ;  nor  do  we  know  the  effect  of  heat 
and  cold  upon  it.  It  is,  however,  quite  possible  that  some 
of  these  materials  may  prove  useful  in  the  internal  fittings 
of  a  hfe-hoat.  A  combination  of  gutta-percha  and  cork, 
by  Clarkaon,  of  the  Strand,  and  another,  consisting  of 
gutta-percha  between  two  layers  of  thin  wood,  by  Mr. 
Forster,  B.N.,  may  perhaps  be  well  adapted  for  air-casea. 
A  notion  seems  prevalent  that  gutta-percha  h  very  light, 
but  its  specific  gravity  is  little  less  than  that  of  water,  or, 
in  other  words,  it  will  hardly  float.  Jeffery's  marine  glue 
may  also  be  found  useful  iu  the  internal  fittiugs  of  a  boBl, 
in  joining  cork,  &c. 

Extra  Bcotancv. 
E:ctra  buoyancy,  or   that  required  beyond  what 
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materials  used  in  the  construction  of  the  boat  will  afford^ 

is  the  characteristic  feature  of  a  life-boat,  and  as  such  its 

nature,  amount,  and  distribution,  deserve  the  most  deUbe- 

rate  consideration.     If  sufficient  buoyancy  can  be  obtained 

hy  cork,  it  is  far  preferable  to  air-cases,  as  not  being  liable 

to  accident.     As  before-mentioned,  there  seems  reason  to 

believe  that  a  portion  of  cork  may  be  used  under  the  flat 

or  floor  of  the  boat,  so  as  to  reduce  the  internal  capacity, 

and  enable  the  boat  to  free  herself  of  water.    The  only 

doubt  is  as  to  its  weight ;  but  cork  varies  considerably  in 

weight  as  well  as  in  price ;  the  commonest  description  of 

cork,  such  as  used  by  fishermen  as  floats  for  their  in-shore 

nets,  does  not  exceed  12  lbs.  weight  per  cubic  foot,  and 

costs  about  128.  a  cwt. ;  a  heavier  sort  weighs  about  15  lbs. 

per  cubic  foot.     These  might  be  advantageously  disposed 

in  the  bottom  of  a  boat,  covered  with  gutta-percha,  or 

a  light  casing,  to  keep  the  water  out  of  it,  and  the  boat 

might  then  bid  defiance  to  accidents,  as  thus  armed,  even 

if  bilged  against  a  rock,  she  would  float. 

With  respect  to  air :  the  great  difficulty  of  rendering 
vessels  permanently  air  or  water-tight,  makes  them  unfit 
for  general  use,  unless  great  care  and  watchfulness  be 
exercised.  In  those  instances  in  which  the  air-cases  are 
built  into  and  form  part  of  the  boats,  it  seems  doubtful 
whether  any  of  them  can  be  depended  upon  for  a  year ; 
and  from  various  inquiries  that  have  been  instituted,  there 
is  reason  to  believe  that  there  does  not  exist  at  this  moment 
a  complete  air  or  water-tight  case  (undetached)  in  any 
life-boat  that  has  been  six  months  in  use  around  the  coasts 
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of  Great  Britain.  As  to  &ir-cases  that  are  detached,  tl 
may  be  better ;  but  unless  in  the  form  of  small  < 
in  the  Liverpool  boats,  there  seems  sufBcient  reason  to 
suspect  them  all.  Metal  air-cases  offer  rather  a  more 
reasonable  prospect  of  security ;  but  when  a  life-boat  was 
laid  open  in  Wooln-ieh  Dockyard  a  few  years  since,  it  ma 
found  that  from  corrosion  there  were  several  holes  half  an 
inch  in  diameter  in  the  copper  tuhea,  supposed  to  have 
been  air-tight;  in  fact  copper,  like  other  metals,  is  liable 
to  corrode,  and  the  more  so  when  placed  in  conjunction 
with  sea-water.  The  weight,  too,  of  copper  tubes  makes 
them  objectionable.  It  baa  been  the  practice  of  Teasdel, 
an  experienced  Hfe-hoat  builder  at  Great  Yarmouth,  to 
hulld  his  detached  air-eases  of  thin  boards  of  willow  wood, 
which  is  both  tough  and  light,  and  to  cover  them  with 
painted  canvass,  ond  this  we  believe  to  be  the  best ;  or  ■ 
sheet  of  gutta-percha  between  two  thin  boards  might  1 
adopted,  according  to  Forster's  process. 


The  amount  of  extra  buoyancy  may  be  much  less  t] 
it  has  hitherto  been  customary  to  give  in  a  life-boat, 
cubical  contents  of  the  air-cases  of  many  existing  life- 
and  of  a  great  part  of  the  models  sent  to  the  EsbibitidI 
measure  from  200  to  300  feet,  equivalent  to  the  supp( 
of  from  six  to  nine  tons  of  dead  weight.  Non-,  if  only 
intended  for  buoyancy  to  balance  the  extra  weight  likely 
to  be  put  into  a  life-boat,  this  amount  is  unnecessary. 
The  Liverpool  life-boat,  already  alluded  to  as  having  on 
one  occasion  brought  on  shore  sixty  persons  from  a  wre 
had  not  above  60  cubic  feet  of  extra  buoyancy ;  this  is  tl 
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little,  but  in  a  30-feet  boat,  provided  witb  ample  deliver- 
ing valves,  100  cubic  feet,  or  the  equivalent  of  three  tone^ 
fficient  extra  buoyancy  for  all  general  purposes. 
\  The  distribution  of  the  extra  buoyancy  requires  great 
As  a  general  rule,  it  shouldbe  placed  high  in  the  boat, 
so  as  not  to  aSect  her  stability;  but  circumstances  require 
this  rule  to  be  slightly  modified.  In  order  to  reduce  the 
internal  capacity  of  the  boat  that  she  may  rise  under  the 
weight  of  a  heavy  sea  that  may  fall  on  board,  and  to  enable 
the  dehvering  valves  to  act  freely,  a  certain  amount  of 
space  should  be  occupied  under  the  flat  or  floor  of  the 
boat,  so  as  to  exclude  the  water;  and  the  question  is, 
BO  to  fill  this  space  with  a  material  of  less  specific  gravity 
than  water,  yet  suflicienlly  hea*^  to  ensure  the  boat's  sta- 
bility when  the  flat  or  flooring  is  laid  at  from  10  to  12 
inches  above  the  keelson,  or  about  the  water-line  of  in- 
tended immersion ;  thus  acting  generally  as  ballast,  but 
on  emergency  as  extra  buoyancy.  From  the  various  plana 
adopted,  this  would  seem  the  most  diflicult  problem  to 
solve  in  the  whole  arrangements  of  a  life-boat.  In  some 
existing  life-boats,  and  in  many  of  the  models  sent  in,  re- 
duction of  internal  capacity  is  attempted  by  placing  a 
tight  deck  fore  and  aft  at  from  16  to  18  inches,  and  even 
in  some  at  24  inches,  above  the  keelson,  with  only  air 
beneath ;  the  result  is,  that  the  weights  in  the  boat  raise 
her  centre  of  gravity,  and  there  is  a  risk  of  her  upsetting 
when  a  sea  is  shipped.  Some  of  the  models  thus  fitted,  on 
being  tested  as  to  their  stability,  went  over  directly.  Other 
builders,  foreseeing  this  result,  added  an  iron  keel  to  their 
boats;  while  some  inserted  a  well  or  tank  amidships  for 
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water  balbul,  which,  as  long  aa  it  retnaluB  in  iU  pba, 
compmutFS  for  Uic  amount  of  air  oDilef  tbe  flat,  and 
nstij-nt  tbe  eqmlibriam.  Otbers  have  tried  a  cotnbina- 
tiou  of  cork  and  air,  alteroatelv  distnboted,  ao  as  to  pre- 
sene  tbe  requisite  stability  of  the  boaL  But  although 
cooccding  full  merit  to  water- ballast,  which  has  the  ad- 
vantage of  being  taken  in  only  when  the  boat  is  a&uit, 
and  thus  leading  her  light  for  transport  alongshore,  we 
are  of  opioion,  ad  before  stated,  that  a  portion  of  (wk  ii 
better,  and  that  it  mar  be  placed  in  a  water-tight  eate, 
or  in  a  gutta-percha  covering  under  the  deck,  up  to  about 
12  inches  tu  height  abore  the  keelson,  and  combine  the 
properties  of  ballast  generally  with  extra  buoyancy  in  caie 
of  need;  if  above  aU  a  light  water-tight  deck  be  placed, 
the  cork  will  be  prtserred,  and  very  httle  water  will  remain 
to  inconvenience  the  crew  or  passengers. 

The  next  point  to  attend  to  in  the  distribution  of  the 
extra  buoyancy  is  to  place  the  requisite  amount  of  air- 
vessels  in  the  head  and  stern-sheets  of  the  boat,  from 
the  flow  up  to  gunwale  height,  in  order  to  give  self- 
righting  power,  always  taking  care  to  leave  acceu  to 
within  three  and  a  half  or  four  feet  of  the  stem  and 
stem-poet,  to  enable  a  man  to  stand  there  and  receive 
people  horn  tbe  wreck,  as  it  commonly  occurs  that  a 
boat  cannot  go  alongside  a  stranded  vessel,  but  has  Xo 
receive  the  rescued  men  either  over  the  head  or  stem  of 
the  boat.  Air-cases  should  also  be  placed  along  the  sides 
of  the  boat  fore  and  aft,  under  the  thwarts,  not  for  their 
value  as  eitra  buoyancy,  but  to  diminish  the  internal  ca- 
pacity, and  to  keep  the  water  that  may  be  shipped  away 
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tmm  the  sides  of  the  boat,  and  to  lead  it  direct  to  the  de- 
lireriiig  tubes.  In  all  cases  in  which  air-cases  are  used,  it 
is  rcoommended  that  they  be  not  built  into  the  boat,  but 
be  detached,  so  that  they  may  be  examined  to  test  if  they 
ware  water-tight,  there  being  great  reason  to  fear  that  such 
18  not  the  case  in  general,  and  air-cases'  built  into  the  sides 
are  liable  to  open  with  the  working  of  the  boat,  or  to  be 
atove  in  going  alongside  a  wreck,  as  in  a  recent  instance, 
and  thus  a  boat  would  be  disabled.  They  should  also  have 
Talfres  inserted  in  them,  as  sooner  or  later  they  are  sure  to 
leak;  the  valves,  too,  would  enable  the  cases  to  be  aired, 
and  thus  preserve  them  better.  Wells'  disc  valve  is  the 
beat  we  have  seen  for  the  purpose. 

Internal  Capacity  por  Holding  Water. 

The  more  the  internal  capacity  is  reduced  consistently 
with  leaving  space  for  a  rescued  crew,  the  better  the  life- 
boat. K  practicable,  the  internal  capacity  for  holding 
water  up  to  the  level  of  the  thwarts  of  a  boat  thirty  feet 
long  should  not  exceed  three  tons.  It  may  be  diminished 
by  side  air-cases  from  the  thwarts  to  the  floor,  or  by 
air-cases  under  the  thwarts.  On  this  latter  mode  of  re- 
ducing capacity  there  is  a  difference  of  opinion,  some  con- 
tending that  it  is  an  advantasre  to  break  up  a  sea,  and 
prevent  the  water  rushing  fore  and  aft  the  boat,  while 
others  think  that  it  is  better  to  let  the  sea  have  a  fair 
range,  and  that  then  much  of  the  water  that  comes  in 
over  the  bows  would  go  out  over  the  stem.  The  balance 
seems  rather  in  favour  of  filling  up  under  the  thwarts ;  it 
has  the  certain  advantage  of  reducing  capacity. 
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should  firee  herself  by  tubes  through  the  bottom,  or  by 
scuppers  in  the  sides  as  shown  in  several  of  the  models ; 
the  former  is  the  more  direct  and  quickest  action,  but  the 
tubes  are  liable  to  be  choked  in  the  possible  case  of  a  boat 
grounding  on  an  outlying  sand-bank,  or  on  the  bar  of  a 
river  harbour ;  it  will  be  better,  therefore,  to  be  provided 
with  both  to  meet  such  an  accident.  The  tubes  and  scup- 
pers should  be  closed  by  self-acting  valves ;  a  modification 
of  an  apparatus  known  as  Kingston's  valve  might  answer 
the  purpose,  or  still  better,  a  valve  proposed  by  Mr.  George 
Wells,  of  15  Upper  East  Smithfield. 

.Provision  for  Self-righting. 

The  power  of  self-righting  is  a  contested  point  among 
the  best  boat-builders;  but  they  seem  hardly  to  have 
given  the  subject  full  consideration.  The  accidents  that 
have  happened  to  life-boats  have  not  been  carefully  in- 
vestigated, and  the  necessity  for  meeting  these  accidents 
with  a  remedy  has  not  forced  itself  upon  their  minds. 
But  a  remedy  is  necessary.  Recent  and  sad  experience 
has  shown  that  a  life-boat  may  be  upset  and  may  drown 
the  crew  from  want  of  being  able  to  right  herself.  Had 
the  South  Shields  life-boat  that  upset  in  December  1849 
possessed  the  means  of  self-righting,  there  is  reason  to 
believe  that  many  of  the  crew  might  have  been  saved, 
whereas  twenty  of  the  best  pilots  out  of  the  Tyne  were 
drowned.  This,  however,  is  not  the  only  instance  of  a 
boat  upsetting  and  remaining  bottom  up,  as  will  be  seen 
hereafter;  but  it  is  sufficient  to  prove  the  absolute  neces- 
sity of  grappling  with  the  difficulty,  if  difficulty  it  be,  and 
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harbour^  and  she  capsized.  No  lives^  we  believe^  were 
lost.  This  boat  has  an  air-case  13  inches  deep  under  her 
platform. 

At  Tynemouth  Haven,  in  1842,  the  life-boat  went  oflF 
on  trial  in  a  very  rolhng  swell  from  the  north-eastward ; 
on  returning  towards  the  shore,  under  sail,  a  heavy  sea 
topped  on  her  quarter,  hove  her  over  on  her  beam  ends, 
and  filled  the  sail,  when  she  turned  bottom  up,  and  thus 
drove  ashore,  the  crew  being  taken  off  by  a  coble,  and  all 
saved. 

At  Robin  Hood^s  Bay,  on  the  coast  of  Yorkshire,  seven 
miles  south  of  Whitby,  in  February  1843,  the  life-boat 
went  off  to  the  assistance  of  a  stranded  vessel,  the  Ann,  of 
London,  during  a  fresh  northerly  gale.  The  life-boat  had 
got  alongside  the  wreck,  and  was  taking  in  the  crew,  when, 
it  is  supposed,  four  or  five  men  jumped  into  her  at  once 
on  one  side,  when,  a  heavy  sea  striking  her  at  the  same 
time,  she  capsized.  Many  of  the  crew  got  on  her  bottom, 
while  three  remained  under,  and  in  this  state  she  was 
drifted  towards  the  shore  on  the  opposite  side  of  the  bay. 
On  seeing  the  accident  from  the  shore,  five  gallant  fellows 
launched  a  coble  (fitted  with  air-cases  as  a  life-boat),  and 
tried  to  pull  off  to  the  rescue;  but  she  had  hardly  en- 
countered two  seas,  when  she  was  turned  end  over  end : 
two  of  her  crew  were  drowned,  and  she  drifted  ashore  bot- 
tom up.  On  this  occasion  Lieut.  Lingard,  B.N.,  of  the 
Cloast-guard  service,  and  eleven  men,  lost  their  lives. 
Three  men  came  on  shore  safely  under  the  life-boat,  and 
tcmie  on  her  bottom,  the  others  were  washed  off.  Had 
ikm  life-boat  possessed  the  power  of  self-righting,  there 
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eeema  no  reaaoa  why  most,  iT  not  all  the 
have  heen  saved. 

At  Bude,  in  Cornwall,  about  the  year  IBM,  the  liff- 
boat  was  escrcising,  when  she  shipped  a  heavy  sen,  i^^Y^i 
her  quarter,  and  turned  end  over  end.  Two  luco  «ftt 
drowned.  This  boat  is  of  the  form  of  a  steamer'*  piiAllt- 
box  boat,  with  air-casea  in  her  bottom  12^  inches  deep 
amidships,  contents  105  cubic  feet;  the  aurface  of  thellit 
or  flooring  is  about  ou  a  level  with  the  water-line,  Tbi' 
air-case  is  divided  into  6ve  compartments,  but  at  the  liiue 
of  the  accident  it  is  said  that  the  after  compartment  wis 
not  tight,  and  consequently  it  filled  with  water. 

At  Penrhyn  du,  Cacnsrvon,  iu  the  year  1847,  the  life- 
boat went  off  to  the  assistance  of  a  vessel  in  distress;  there 
was  a  heavy  cross  sea  on,  and  the  boat  was  upset,  or,  it  ia 
said,  turned  end  over  end :  the  crew  supported  themselrn 
on  the  bottom  of  the  boat  for  some  time,  when  they  mrnie 
an  effort  to  right  her,  when  the  boat  rolled  right  round. 
and  remained  on  her  face.  The  crew  supported  thei 
until  taken  off  by  another  boat. 

At  South  Shields,  on  the  4th  December,  1R49, 
life-boat,  manned  with  twenty-four  pilots,  went  oat  to  the 
aid  of  the  Belm/,  of  Littlebam|)to[i,  stranded  on  the  Herd 
Sand ;  there  was  a  heavy  sea  from  the  eastward,  but  IJtilr 
wind,  and  a  strong  ebb-tide.  The  boat  had  reached  the 
wreck,  and  was  lying  alongside  with  her  head  to  tbc  cast- 
ward,  «ith  a  rope  fast  to  the  quarter,  but  the  bowfast  not 
secured.  The  shipwrecked  men  were  about  to  drseenil 
into  the  life-boat  when  a  heavy  knot  of  sea  recoiling  ffcm 
the  how  of  the  vessel,  caught  the  how  of  the  boat  tnd 
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turned  her  up  on  end,  throwing  the  whole  of  the  crew  and 
the  water  into  the  stem  aheets.  The  bowfaat  not  holding, 
the  boat  drove  in  this  position,  astern  of  the  vessel,  when 
fbe  ebb-tide  running  rapidly  into  her  stem,  the  boat  com- 
pletely turned  end  aver  end,  and  went  on  shore  bottom  up. 
On  this  occasion  twenty  out  of  twenty-four  (or  double  her 
proper  crew)  were  drowned  under  the  boat.  On  seeing 
the  accident  two  other  life-boats  immediately  dashed  off 
from  North  and  South  Shields,  saved  four  of  the  men,  and 
rescued  the  crew  of  the  Betsy. 

The  boat  to  which  this  sad  disaster  happened  is  34  feet 
long  over  all,  and  nearly  11  feet  breadth  of  beam.  It  is 
of  the  form  of  a  steamer's  paddle-box  boat,  or  nearly  of 
the  original  Greathead  form,  has  30  inches  sheer  of  gun- 
wale, and  11  inches  curvature  of  keel.  It  is  fitted  with  an 
air-case  under  the  flat  or  deck  15  inches  in  height,  which 
contains  224  cubic  feet  of  air,  with  a  well  for  water-ballast 
in  the  middle  holding  30  cubic  feet,  or  17  cwt.  when  full. 
The  surface  of  the  flat  or  deck  is  20  inches  above  the 
underside  of  the  keel ;  and  the  boat  is  fitted  with  flat  top 
air-cases  around  the  sides.  The  boat  had  an  open  well 
when  the  accident  happened,  and  when  thrown  over  end 
the  water-ballast  would  run  out  into  her  stem.  Had  she 
possessed  the  power  of  self-righting,  it  is  fair  to  suppose 
some  of  the  men  might  have  been  saved. 

It  is  but  justice  to  add,  and  it  is  a  fact  highly  honour- 
able to  the  port,  that  the  life-boats  at  Shields  have  been  in 
constant  use  since  Greathead  first  launched  his  boat  there 
on  the  30th  of  January,  1790,  now  sixty  years  since,  and. 
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Necessity  of  Tkainino. 
But  especially  do  they  enforce  a  point  which  is  of 
essential  importance^  namely^  the  absolute  necessity  of  a 
well -trained  crew^  and  of  sailor-Uke  management  of  a  life- 
boat. All  the  best  qualities  combined  in  one  boat  will  not 
compensate  for  want  of  seamanship  and  judgment  in  the 
coxswain  of  the  boat^  who  should  be  cool^  steady^  acquainted 
with  the  set  of  the  tides^  and  know  whether  it  is  right  to 
approach  a  wreck  end  on  with  his  boat  under  her  quarter^ 
or  to  lay  her  alongside  under  the  lee^  or  to  drop  his  anchor 
to  windward  and  veer  down  to  the  wrecks  as  is  the  usual 
practice  with  the  Yarmouth  and  Deal  boats^  and  for  which 
purpose  every  life-boat  should  be  provided  with  a  heavy 
anchor  and  good  cable.  It  is  not  any  peculiarly  good 
quality  in  the  form  of  the  Yarmouth  and  Deal  luggers  that 
enables  them  to  brave  the  sea  in  all  weathers^  but  it  is  the 
admirable  manner  in  which  they  are  handled  by  their  hardy 
crews.  And  if  we  are  to  have  an  efficient  set  of  life-boats 
along  the  coasts  of  the  United  Kingdom^  it  is  absolutely 
necessary  that  fishermen  and  sailors  should  em-ol  them- 
selves as  crews  and  go  out  frequently  for  exercise  in  heavy 
weather^  so  as  to  become  familiarized  with  the  qualities  of 
their  boats^  and  to  know  exactly  what  they  will  do  in  the 
hour  of  need.  They  need  no  longer  have  a  misgiving 
about  their  safety.  That  a  thoroughly  good  life-boat  can 
be  built  no  longer  admits  of  a  doubt;  and  any  boat-builder 
who  will  construct  a  boat  after  the  lines  shown  in  Plates  1 
or  13  ^f  the  Northumberland  Report^  may  rest  assured 
that  he  will  turn  out  a  boat  that^  if  properly  handle'^ 
not  fear  to  face  any  weather  at  sea. 
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Saffollc,  from  Cromer  to  Southwold,  there  are  ten  boats, 
or  one  for  evory  five  miles ;  a  fact  highly  creditable  to  the 
county  associations.  There  are  life-boatB  also  at  Aid- 
borough,  Harwichj  Broadstairs,  and  Rainsgate. 


On  the  south  coast,  from  Dover  to  the  Land's  End,  a 
distance  of  430  miles,  there  are  eight  life-hoats,  but  none 
at  Penzance  where  most  needed.  At  the  Scilly  Isles  there 
18  one  inefficient  boat ;  the  same  at  St.  Ives  and  Bude ;  and 
one,  a  little  better,  at  Padstow.  So  that  from  Falmouth 
round  the  Land's  End  by  Trcvose  Head  to  Martland 
Point,  an  extent  of  150  miles  of  the  most  e^iiosed  coast  in 
England,  there  is  not  a  really  efficient  life-bout.  In  the 
Bristol  Channel  the  North  Devon  Association  maintains 
three  life-boats  in  Bideford  Bay.  There  is  a  new  life-boat 
at  Ilfracombe,  and  one  at  Bumham.  On  the  south  coast 
of  Wales — from  Cardiff  round  to  Fishguard,  a  distance  of 
200  miles — there  are  two  recently  placed  life-boats,  one  at 
Llanclly,  the  other  at  Tenby.  There  are  twelve  boats  on 
the  west  and  north  coasts  of  Wales,  some  in  a  very  defec- 
tive state ;  and  nine  in  good  order  at  five  stations  in  the 
important  port  of  Liverpool,  liberally  supported  by  the 
i)ock  Trustees,  and  having  permanent  boats'  crews.  These 
boats,  as  before  mentioned,  have  brought  on  shore  1128 
persons  during  the  last  eleven  years,  thus  proving  the 
value  of  life-boats  whtn  kept  in  an  efficient  state  and  pro- 
perly managed.  In  all  there  are  thirty  boats,  one-half 
unserviceable,  to  supply  tlie  wants  of  a  seaboard  900 
miles  in  estent,  from  the  Land's  End  to  the  SolwBy^ 
including  the  ports  of  Liverpool  and  Bristol. 
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Fr::n  c£dal  retnms,  it  appear?  tlia:  many  oi 
C.»^-:-jTiird  ftancni  on  the  fibres  of  EniHacd  and  \ 
are  iii^Tlirid  viUt  rocketa  or  mortars,  a:  the  eipen 
Ct-Ti^Ti^en:,  and  some  Katiom  have  b>>th-  Then 
ie^ectT-:t«<  Karioos  vhvfa  hare  rockets,  ihirtv  » 
Hatc  ojftar*,  and  fony-ooe  which  have  l>xh  mortars 
Tockcu.  At  [ir«  azfat  this  $eem<  a  fair  proporrion, 
so  i:  wviald  be  if  the  rockets  were  eSdeut ;  bat  the  rd 


p>  OQ  to  say,  at  twenty-four  stations  rockets  have  burst, 
nd  at  forty-two  stations  lines  have  broken.  In  some 
Utances  the  roekets  were  old,  in  otbers  baJly  made,  and 
le  lines  in  the  same  state.  Yet  even  witb  these  draw- 
^ks,  rockets  and  mortal's  have  proved  most  useful.  At 
renty-two  stations  where  a  record  has  been  kept,  not  less 
iKD  214  lives  have  been  saved  by  them,  besides  several 
tewB  at  Caistor,  near  Yarmouth,  and  many  lives  at  ciglit 
tlier  stations,  where  no  account  has  been  kept  of  the 
timber.  The  veteran  Captain  Manby  may  reflect  with 
iflt  gratification  in  his  declining  years  that  the  mortar 
B  was  instrumental  in  bringing  into  use  as  a  means  of 
iving  life,  lias  proved  very  serviceable. 

There  are  twenty-five  stations  in  Ireland  at  wKich 
lero  are  cither  rockets  or  mortars ;  but  here,  aa  elsewhere 
1  the  coasts,  lines  have  broken  and  rockets  have  burst ; 
llo  rockets,  too,  might  be  better  distributed.  Yet,  not- 
ritbstanding  these  minor  evils,  which  may  be  set  right 
rithout  any  great  difficulty,  the  testimony  in  Ireland  as 
rell  as  iu  England  is  decisive  as  to  the  value  of  the  i-ocket 
effecting  communication  with  a  stranded  vessel,  and 
bus  saving  life  from  shipwreck. 

The  merit  of  the  first  suggestion  for  forming  a  con- 
lexion  between  a  stranded  vessel  and  the  shore  by  means 
If  a  mortar  is  unquestionably  due  to  Sergeant  John  Bell, 
Aerwards  Lieut.  Bell  of  the  Invalid  Artillery,  a  worthy 
ion -com  missioned  officer,  at  the  siege  of  Gibraltar.  In 
kogust  1791,  u  public  trial  of  bis  plan  was  made  at 
IFoolwich,  whcu  a  shell,   loaded   to   weigh   seventy-five 
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pounda,  firrd  from  a  moitar  oe 
150  yariM  of  «  deep-Ma  k^ 
Bt-Q,  with  aaotber  man,  wadu 
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for  thta  ioTeutioa ;  tbe  aeeoant 
1792,  in  the  t«nth  volame  of  tl 
a  further  descripdoa  and  engrav 
and  port  of  the  original  appant 
lUpoaitfjfv  grounds  at  Woolwict 
ing  the  mortar  into  effective  use 
coasts  is  anquesiiooaUy  due  to 
stated,  and  most  valuable  has  it 
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of  Trengrouse's  plan  was  the  firing  from  the  ship  to  the 
shore,  which  undoubtedly  is  the  better  mode,  if  vessels 
can  be  induced  to  carry  the  necessary  apparatus,  which 
hitherto  has  not  been  the  case.  Sir  William  Congreve, 
B  understood,  proposed  a  somewhat  similar  apparatus. 
But  the  merit  of  bringing  into  use  the  rocket  to  carry 
pUne  from  the  shore  to  the  wreck,  undoubtedly  belongs 
p  Mr.  Dennett,  of  Neivport,  Isle  of  Wight,  who,  about 
!  year  1825,  proposed  the  adoption  of  a  nine-pounder 
dtet  for  this  purpose,  wliich  has  since  been  successfully 
I  in  many  parta  of  the  United  Kingdom.  In  1837, 
.  Carte,  of  Hull,  recommended  the  use  of  a  twelve- 
inder  rocket  for  the  same  purpose,  which  is  now  placed 
t  several  stations,  particularly  on  the  coast  of  Yorkshire ; 
i  has  also  a  sea-service  apparatus  for  use  on  board  a 
ahip,  which  is  efficient,  portable,  and  economical,  yet 
our  ships  cannot  be  induced  to  cany  it.  The  last  pro- 
posal for  this  purpose  is  that  by  M.  Delvigne  of  Paris, 
a  model  of  which  was  in  the  Exhibition.  His  proposal  is 
to  ball  the  hue  up  inside  a  wooden  projectile,  and  to  fire  it 
from  a  howitzer;  on  a  trial  during  the  past  summer  in 
Woolwich  Marshes,  he  succeeded  in  throwing  a  line  400 
yards,  we  beheve,  from  a  five-inch  howitzer,  with  a  charge 
of  eight  ounces  of  powder.  It  is  far  from  impossible  that 
this  plan  of  projecting  a  line  may  be  so  modified  as  to  be 
rendered  very  serviceable, 
L  Fully  admitting  the  good  service  that  both  rocket  and 
^Bortar  have  rendered  in  their  present  state,  there  can  be 
MO  doubt  that  the  rocket  and  line  may  be  greatly  im- 
proved.  The  maximum  range  now  attained  with  Dennett's 
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CoAST-Gr.iRD. 
In  !■  -j'iinz  over  the  list  of  wreck?,  no  one  can  fail  to  be 
stmck  a:  ibe  pmaiinent  poiirion  occapk-d  h\  '.he  oScer? 
and  men  of  the  Coa't-^uard  service  on  all  stich  occasinn?. 
The  record*  of  ;he  National  Shipwreck  In<!::-at:on  shcisr 
that  aVj'it  one-third  of  the  medals  and  ren^ard?  gmnti'd  bj 
tha:  lEL?:i:'3'i  jn  for  meritorious  services  are  an^rdtd  to  the 
Coa-:-2imrd.  In  dependent  It  of  iheir  other  services,  ihey 
have  proved  ihcnisclves  in  cases  of  wreck  to  be  an  in- 
valoab'e  body  cf  men;  thev  are  familiar  wiib  the  use  of 
the  Hior.ar  and  the  rocket ;  are  always  on  the  watch ; 
always  ri^dy  to  act ;  and  nothing  can  be  more  striking  on 
*uch  occjsioDs  than  the  adrantaee  of  a  wetl-trained,  orea- 
nized  body  acting  as  one  man,  over  a  willing,  but  undis- 
ciplined, assemblage  of  sailors  and  fishermen.  On  any 
fatore  occasion  of  shipwreck,  we  may  trust  that  the  Coast- 
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£uard  officers  and  men  will  display  the  same  energy  that 
las  hitherto  so  honourably  distinguished  them. 

Sea-Cobgner  suggested. 

An  attentive  consideration  of  the  Wreck  Chart  annexed 
to  this  Lecture^  and  a  careful  examination  of  the  returns 
of  wrecks  by  the  Coast-guard  officers,  forcibly  impress 
on  the  mind  the  painful  conviction  that  the  greater  part  of 
the  casualties  that  occur  are  not  occasioned  by  stress  of 
weather,  but  that  they  are  mainly  attributable  to  causes 
within  control,  and  to  which  a  remedy  might  be  applied. 
It  would  be  an  easy  task  to  enumerate  these  several  causes, 
but  from  the  absence  of  exact  information  it  would  be 
difficult  to  assign  the  particular  cause  to  each  wreck.  It 
might  have  been  reasonably  expected  that  the  depositions 
before  the  Receivers  of  Admiralty  Droits  would  have 
thrown  some  light  on  the  subject,  but  those  documents  are 
seldom  of  any  use  for  ascertaining  the  real  cause  of  wreck. 
The  master  of  the  stranded  vessel  is  naturally  anxious  to 
make  out  the  best  case  for  himself,  and  usually  tells  as 
little  as  he  can  help ;  and  the  receiver,  who  nine  times  out 
of  ten  is  a  landsman,  is  quite  unequal  to  bring  out  the 
facts  of  the  case.  Some  competent  local  tribunal,  then,  is 
necessary  before  whom  the  causes  might  be  investigated 
on  the  spot,  and  there  woidd  seem  no  difficulty  in  forming 
such  a  tribunal;  it  might  be  as  easily  managed  as  a 
coroner^s  inquest ;  the  machinery  for  the  purpose  is  already 
organized.  The  inspecting  commander  of  the  Coast-guard 
of  the  district,  the  collector  or  chief  officer  of  customs,  and 
Lloyd^s  agents,  are  to  be  found  nearly  everywhere  around 
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the  coasU,  and  ihey  could  form  a  tribuiul  well 
with  nautical  affairs,  and  in  which  all  merchants 
owners  would  have  confidence;  and  were  audi 
vrith  the  assialance  of  the  nearest  maeistnte,  satbortKd  to 
inquire  into  and  report  to  the  Admiralty  or  Board  cf 
Trade  on  every  case  of  wreck,  there  is  little  doubt  bat  tint 
in  a  very  few  years  the  list  of  wrecks  on  our  own  eoasti 
would  be  greatly  diminiahed.  It  is  well  and  right  to  ^ka 
life-boats,  but  a  better  means  of  prescrriog  life  would  be 
to  prevent  or  diminish  shipwrecks. 

It  is  not  only  loss  of  life  to  a  fearful  extent  that  occnn 
in  these  wrecks,  but,  although  a  minor  consideration,  the 
lotts  of  property  is  enormous.  In  the  Parliamentary 
Report  on  ghipwrecks  of  the  year  1836,  the  loss  of  pro- 
perty in  BriliHb  shipping  wrecked  or  foundered  at 
estimated,  on  an  average  of  six  years,  at  three  mill 
aterllng  per  annum ;  we  may  fairly,  therefore,  assume, 
half  that  amount  is  annually  lost  on  our  own  coasts, 
whole  of  this  property,  though  covered  by  insurance  to 
certain  parties,  is  not  the  less  absolutely  lost  bo  the  nation, 
and  its  cost  paid  for  by  the  British  public,  on  whom  its 
loss  must  ultimately  fall.  The  same  Parliamentary  Report 
entiuiatcs  the  annual  loss  of  life  by  the  wreck  or  foundering 
of  British  vessels  at  sea  at  1000  persons  in  each  year,  and 
this  loss  is  also  attended  with  increased  pecuniary  burthen 
to  the  British  public,  on  whom  the  support  of  many  of  the 
widows  and  orphans  left  destitute  by  such  losses  eventually 
devolves.  Thus,  taking  only  the  financial  view  of  the 
case,  the  prevention  or  diminution  of  shipwreck  would 
be  a  great  national  gain. 
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Conclusion. 

A  review  of  the  facts  furnished  by  the  Coast-guard 
Returns  affords  a  cheering  encouragement  as  to  the  future^ 
inasmuch  as  the  number  of  lives  saved  from  shipwreck 
through  the  instrumentality  of  life-boats^  mortars^  and 
rockets  (even  in  their  present  imperfect,  and,  on  many 
parts  of  the  coast,  ill-organized  state),  affords  undoubted 
proof  of  the  value  of  such  means  for  preserving  life. 
Wherever  the  boats  have  been  looked  after,  and  the  crews 
well  trained,  as  at  Liverpool,  Shields,  and  on  the  coasts  of 
Norfolk  and  Suffolk,  the  most  signal  success  has  rewarded 
their  exertions.  This  fact  is  most  encouraging,  and  cannot 
be  too  strongly  insisted  upon.  It  is  the  most  gratifying 
reward  to  the  several  local  committees  and  individuals 
who  have  perseveringly  done  their  duty,  and  gives  firm 
ground  of  encouragement  for  the  future. 

The  path,  then,  is  clear  and  distinct.  The  first  step  is 
to  ensure  a  safe  and  powerful  life-boat,  and  this  we  feel 
confident  has  been  accomplished ;  the  next  is  to  build  a 
sufficient  number  of  such  boats,  place  them  where  required, 
organize  and  train  the  crews,  and  provide  for  their  super- 
vision and  maintenance.  In  fact,  to  do  for  the  rest  of  the 
United  Kingdom  what  his  Grace  the  Duke  of  Northum- 
berland has  liberaUy  undertaken  to  do  for  his  own  county, 
namely,  to  place  a  well-built  life-boat  at  each  of  the  most 
exposed  points  of  the  coast,  and  rockets  or  mortars  at  all 
the  intermediate  stations. 

There  need  be  no  misgiving  for  want  of  funds — no 
work  of  real  benevolence  in  this  country,  when  undertaken 
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Bidery  ware,  its  manufacture  in 
India,  471 

Birch-oil,  from  Russia,  properties  of, 
in  the  manufactiu-e  of  leather,  2(>0 

Blackwell,  Mr.  Samuel,  collection  of 
ores  by,  51 

Blanqui,  M.,  favourable  opinion  of, 
on  the  value  of  the  Indian  col- 
lection, 534,  535 

Bleaching,  169;  as  practised  in 
India,  479 

Blood  in  abattoirs,  mode  of  utilising 
as  food,  223  ;  importance  as  ma- 
nure, 224 
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Clockmakers'  machines,  306 

Cloth-shearmg  machines,  426 

Coal,  specimens  of,  43 ;  weight  of, 
annually  raised,  44;  produce  of 
English  collieries,  45 

Coal-tar,  its  applications,  188 

Coal  districts,  maps  and  models  of, 
4d 

Coalbrookdale  Company,  collection 
of  rolled  iron  and  nilwaj  bars, 
421 

Coaling  steamon,  best  method  of, 
564 

Cottst-guard,  services  rendered  bj 
the,  618 

Coble,  qualities  of,  as  a  pilot-boat  or 
a  fishing-boat,  582 

Cocoa,  Trinidad,  227 ;  adulterations 
in,  ib. ;  effect  of  differentia]  duties 
on,  227,  241 

Cocoa-nut  and  palm-oil,  extensive 
importation  of,  for  the  manufac- 
ture of  candles,  2^8 

Cocoons,  silk,  107 ;  Chinese  plan  of 
winding,  108 

Coffee-leaves,  a  substitute  for  tea,  228 

Coffee,  Snowden's  mode  of  prepar- 
ing, 229 

Colmar,  Thomas  de,  calculating  ma- 
chine by,  3S7 

Colleges,  industrial,  advocated,  202 

Colours,  Mr.  Mackenzie's  machine 
for  grinding,  432 

Compasses,  steering  and  azimuth, 
exhibited  by  the  Admiralty,  570 ; 
by  Dent,  ib. 

Compound  tires  for  railway  wheels, 
by  Brigg,  419 

Condenser  card,  of  Mason  of  Roch- 
dale, 425 

Copper  ores,  58 

Copper  smelting,  45 

Coracle,  of  wickerwork,  contrast  be- 
tween, and  the  Queerty  542 

Corals  and  sponges,  120 

Cotton,  amount  and  value  of,  im- 
ported into  this  country,  266  ;  va- 
rieties of,  ib. ;  whence  the  chief 
supplies  are  obtained,  267;  of  the 
United  States,  ib. ;  of  British  In- 
dia, 268  ;  of  British  Guiana,  269 ; 
of  Algeria,  ib. ;  method  of  clean- 


ing, ib. ;  Mr.  Mercer's  process  for 
modifying  its  chemical  and  phy- 
sical properties,  270 

Cotton  drawing-fhmie,  423 

Cotton  machines,  423 

Cotton  manufacture  in  India,  487- 
494 

Crampton,  locomotive  engine  by,  po- 
sition of  the  axle  of  driving-wheel 
behind  the  fire-box,  417 

Crystals  of  tartaric  and  citric  acids, 
Ac,  138 

Daguerreotypes,  characteristics  of 
the  collections  of,  furnished  by 
various  countries,  576 

Darning,  practice  of,  in  India,  505, 
506 

Davies,  Mr.,  his  improved  governor 
in  steam-engines,  411 

De  la  Beche,  Sir  Henry,  Lecture  on 
mining,  quarrying,  and  metallur- 
gical processes  and  products,  37 

Delarue,  Mr.,  his  process  for  apply- 
ing iridescent  films  to  the  pur- 
poses of  decoration,  390 

De  la  Tour,  Baron,  his  invention  of 
the  syrene,  390-392 

Dep6t  de  la  Marine,  charts  of  the 
coast  of  France,  from  the,  571 

"  Depm-ator,"  or  cotton-cleaner,  by 
M.  Risler,  423 

Derrick  crane,  by  Henderson,  413 

"  Dextrine,"  or  British  gum,  extent 
to  which  it  is  used  by  calico- 
printers,  255 

Dividing  machines,  389 

Diving  dresses,  436 

Down  and  feathers,  113 

Drugs  comprised  in  the  Materia 
Medica,  147 

Dudley,  Sir  Robert,  his  improve- 
ments in  the  construction  of  ves- 
sels, 545;  construction  of  a.freyaiay 
by  him,  546 

Dyes,  as  produced  by  nature  and  by 
chemical  science,  '2&2 ;  improve- 
ments in  calico-printing  liave 
caused  a  demand  for  new  ones, 
263 ;  of  India  and  New  Zealand, 
264;  importance  of  carefulness  in 
extracting  by  colonists,  265 
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^n9i  Exhibition  buildi  ng,443 

<ireatbead,  Henry,  the  first  inventor 
of  life-boats,  577 

dindstones,  68 

Omiina,  British,  chemical  products 
of,  150 

Gums  and  resins,  variety  of,  at  the 
Great  Exhibition,  2.^3 ;  want  of 
care  in  the  collection  and  pre- 
servation of,  254 

Gutta-percha,  first  specimen  of,  32  ; 
introduction  of,  by  Dr.  Mont- 
gomerie,  257 ;  similar  substances 
to  be  found  in  various  countries, 
ib. 

Hair,  Russian,  07 ;  camel's-hair  cloth, 
ib. ;  Spanish,  ib. 

Hawthorn,  engine  by,  peculiarity  of, 
417 

Hemp,  methods  of  preparing,  273 

Henry,  Mr.,  his  process  for  coating 
balances,  weights,  &c.,  386 

Hen8man,H.,Esq.,  Lecture  on  civil 
engineering  and  machinery  gene- 
rally, 405 

Hibbert  and  Piatt,  collection  of 
machinery  by,  422 

Hicks,  Mr.,  his  compound  press,  412 

Hindoos,  their  knowledge  of  agricul- 
ture, 455 ;  their  character,  456  ; 
their  systems  of  philosophy,  ib. ; 
their  acquaintance  with  the  ma- 
thematical sciences,  457 ;  with  the 
arts  and  sciences,  459 ;  their  habit 
of  employing  symbols  in  signing 
their  names,  460;  their  munici- 
pal institutions,  460,  461 

Horns  and  antlers,  nature  of,  117; 
varieties  of,  118,  119;  Indian, 
121 ;  Canadian,  ib. 

Horse-power,  indicated  and  nomi- 
nal, difference  between,  566 

Hosiery-machines,  429 

Honey,  230 

Hybridizing  of  plants,  215,  218 
Gaertncr's  experiments,  216 
Raynbird's,  ib. ;  Maund's,  217 
imcertainty  of  results,  ib. 

Hydraulic  presses,  412,  413 

Hydrographic  OflSce,  charts  and 
plans  by  tlie,  571 


Iridescent  films,  application  of,  to 
the  purposes  of  decoration,  390 

India,  false  ideas  respecting,  in  this 
country,  444 ;  antiquity  of  the  arts 
in,  445;  its  physical  features  fa- 
voured early  ciNilisation,  454  ;  its 
climate,  ib. 

Indian  Archipelago,  the  contribu- 
tions of  the  islands  of  the,  16 

Indian  articles  likely  to  command 
a  sale  in  European  markets,  532. 
633;  selection  from  by  the  Go- 
vernment Committee  for  tlie  se- 
lection of  articles  for  the  Schools 
of  Design,  535,  536 

Inman,  Dr.,  editor  of  Chapman's 
"  Architectura  Navalis  Mercattv 
ria,**  548-551 ;  acknowledgment 
of  his  value  as  a  naval  instructor, 
552 

Iodine  from  kelp,  143 

Iron,  various  kinds  of,  56;  largest 
bar  ever  made,  ib. ;  paper  of  Bo- 
hemia, 57 ;  from  Austria,  &c.,  56  ; 
Mr.  Blackwell's  statement  about, 
58 ;  application  of,  to  the  con- 
struction of  ships,  563 

Iron  smelting,  167 ;  economy  of  the 
hot-blast,  168 ;  waste  of  fuel,  ib. 

Isinglass,  129 

Ivoiy,  varieties  of,  122 

Jacquard -looms,  428 

Jewellery,  manufacture  of,  in  India, 
508-510 

Jones,  Owen,  Esq.,  his  high  opinion 
of  the  instructional  value  of  the 
Indian  collection,  537,  538 

Einguel,  Turkish,  a  substitute  for 
coffee,  229 

Labuan,  its  productions,  15 

Lace-machines,  429 

Lace-making  in  India,  503 

Lacquer-ware,  methods  of  employ- 
ing, in  various  parts  of  India, 
485,  486 

Lahiu*e,  M.  Ed.,  model  of  life-boat 
used  at  Havre,  583 

Land  steam-engines  not  fairly  re- 
presented at  the  Exhibition,  407 


^  GSt«r,  Teaaela  demgDed  h; 


9» 

I«vl  ores,  49 

l^allier,  no  substJtTice  hitbeito 
round  to  replace  osk-barii  in  ud- 
ning.W.I;  ai«iufci!t!irBof,lTfti  in 
India,  184 

Levelling  and  sornejing  instrn- 
tDCnts,  3S6 

Life-bo*(,  Uie  flrat  invented  hy 
Heuiy  Gre«llie«d,  h77i  itadi- 
mensioiu,  ib. ;  exaeociai  qiulitjea 
to  be  reganled  in  the  cooslnic- 
lion  of  Kf — Form,  661 ;  ilinjen- 
Bions,  M7-S91;  mausrulm,  Ml, 
Wi;  e\lin  tiuojanc]',  bO-i,  b03; 
air-coiies,  9!)3;  intenwl  cit|jw:i(y 
for  holding  vtntPr,  607 1  means  of 
treoDg  Ihe  boU  of  tvaUf,  ASH, 
QDO;  provision  for  Belf-hghting, 
ib.;  ballast,  UOl,  60^;  tninaiKirt- 


GOUDtiy,  07fi,070;  modekoF,' 
to  the  Eibiliilioa  in  consequence 
of  Lfae  oOer  of  the  Duka  of  Kor- 
thnmberland,  STS-AM);  the  effl- 
denc]'  of  those  supported  by  the 
Ditck  Tnisieea  of  LiTerpool.  879, 
080:  in  Fnm(^e.Q$4i  in  Belttitun 
and  Hollanil,  ib. ;  in  the  island  of 
Jutland  and  on  the  coaat  of  the 
B^di:,  ib. ;  accidents  whioh  have 
happened  to,  on  the  coasts  of 
OrtatBritain, 003^10;  ne<^eBsitf 
for  training  the  crens  of,  611  ; 
prexf'nt  uumber  of,  in  Iho  United 
Kingaom.  U13,  OU  ;  success  that 
bus  attended  the  use  oT,  62Z; 
□euessity  for  a  largei  number  of, 

mi,  i:22 

Ught-houaes,  hj  Chance  and  Wil- 

kins,  aso,  4S(( 
Liudley,  Profeasor,  Lecture  on  anb- 

stances  used  as  food,  211 
Linen,  IniprovemeDts  in  bleaching, 


Liverpool,  imports,  31 


Lloyd's,  average  number  of  w. 

registered  nl,  030 :   list   ot  *l 

wrecks  at,  ini|)erfert,  .r.7T 
Locomotive  engines,  416 

Machine-tool  making,  alow  progNu 
of,  317 

Machinarj,  difficnllT  experienced  in 
dividing  it  from  Msnufacium  it 
the  Exhibition,  40S 

Machines  incompletrl)-  reprosenteJ 
•t  Ihe  Great  Elhibiiion,  39*^; 
aniuns  should  postesi  a  know- 
ledge of  those  employed  in  odirr 
trades  than  their  own,  ;fU'— 117; 
oltJe<:t  of,  aOi 

Maiidur,  lienefidal  4 
in  the  satlJTaltaa  nf.  at~Aii| 
hj  the  BjipUcadon  ot  *t 

Maguetic  coone  indioator,  570 

Magnetism  and  electricity,  d 

Man  by  nUure  Ml  ftrtiRc«r  and  an 

artist,  10;  his  gradual  pmijress  in 

BciencQ,  32e,  3^7 
Manu.  Inslilnles  ot;  iM 
Manby,  Captain,  the  Urst  to  bring 

iho  mortar  into  eflectlvc  Die  in 

Hhipwrecke,  616 
Manilla  rope  by  Mr.  Rnberreon,  9T0 
Manual    and    mechanical   ana 

practised  in  India,  .'Hta-Dld 
Manufactiuiog  machines,  1: 
Marbles,      serpentine, 

granile.  OH  .    . 

Marine  osciIlaLing  engines  for  pad- 

dle.whcol  boats,  iifi,  OSt 
Mariner's  c<>mpS9S,  dLieoreiy  of,  by 

Giqja  ot  AmaM,  .MS 
Martens,   Mr.,  daguen-aotypea   bv, 

377 
Maudslay,  Heniy,  his  improTemeols 

in  macliine  tools,  SQO,  a\0,  311 
Muadslay    and    Field,    feathering- 
screw    used    ndvantageoiisly    in 

Bcrew-sIeameiB  liy,'lln,  411 
Mayall,  Mr.,  excellence  of  the  da- 

gxierreotypes   exhibited   bj  him, 

376 
Meal' 
Ueat 

■Hi;  Plajfair'G  aualyua  o^SI 


)a-ai4    ^M 
porphmV 
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tfedals,  beneficial  effects  of  the 
award  system,  899 

Medicinal  plants,  140 

Mercer,  Mr.,  his  process  for  modi- 
tying  the  properties  of  cotton, 
270 

Merdiant  vessels,  models  ot^  by 
Messrs.  Wigram  and  Green,  &c., 
055 ;  influence  exerted  on,  by  the 
tonnage-laws,  555,  556 ;  improTe- 
ments  in,  found  necessary  to  com- 
j>ete  with  American  liners,  ib. 

Merz  of  Munich,  portable  equatoreal 
by,  348 

Metals;  platinum,  pailhwHyin,  iri- 
dium, rhodium,  64 

Metallurgy,  in  India,  464^71 

Meteorological  instruments,  361- 
375 ;  conditions  of,  better  under- 
stood by  makers  abroad  than  in 
this  coimtry,  368;  the  want  of 
good,  much  felt,  ib. 

Meteorology,  establishment  of,  as  a 
science,  368 ;  increased  number  of 
observers  in,  369 ;  difficulty  of  ob- 
taining good  instruments  for  ob- 
servations in,  ib. 

Microscope,  applications  of  the, 
359 

Microscopes,  excellence  of  those  ex- 
hibited, 358,  359 

Middle  Ages,  progress  of  art  during 
the,  8 

'*  Middlemen,'*  effect  of  their  method 
of  transacting  business  on  the 
introduction  of  new  kinds  of  vege- 
table raw  produce,  251 

Miller,  Professor,  letter  by,  on  the 
evdls  attendant  on  using  bad  in- 
struments in  meteorological  ob- 
servations, 370-375 

Mineral  manures,  69 

Mineral  substances,  37 ;  geographi- 
cal position  of,  38 

Moira,  Lady,  her  process  for  con- 
veiting  refuse  of  flax  into  cotton, 
28.",  280 

Molasses,  beetroot,  (>urification  of, 
230 

Mortars,  014 

Mortising-macbine,  self-acting,  in- 
vented by  Bentham,  311 


Mosaics  and  inlaid  work,  in  India, 
522,  523 

Mother-of-pearl,  125 

Museum  of  Industry,  arguments  for 
the  establishment  of  a,  286,  287 ; 
establishment  of  a,  in  the  Aus- 
trian Empire,  by  Von  Kees,  287 

Music,  instruments  of,  in  India, 
620 

Nacre,  125 

Nanctf  Davnon,  yacht,  circumnavi- 
gated the  globe,  558 ;  assisted  in 
the  search  for  Sir  John  Franklin, 
ib. 

Kantical  astronomical  instruments, 
353,954 

Naval  school,  reasons  foe  the  esta- 
blishment of  a,  551 

Naval  architecture,  state  of,  in  early 
times,  541,  542;  vessels  of  the 
Scandinavian  sea-kings,  542;  in 
the  time  of  King  Alfred,  543 ; 
Henry  L,  ib.;  Richard  Cceur  de 
Lion,  ib. ;  Heniy  VII.,  544 ;  Eli- 
zabeth, 545  ;  in  more  recent 
times,  ib. ;  inferiority  of  our  ves- 
sels to  those  of  France  and  Spain 
proved  during  the  last  war,  547 ; 
no  scientific  treatise  in  England 
on,  548 ;  Papers  on,  549 ;  recent 
treatises  on,  ib. ;  no  specimens 
of,  f^om  the  Continent  exhibited, 
570 

Navy,  education  given  at  present  to 
young  men  entering  the,  551 

Needles  not  often  used  in  India, 
505 

Net-making  in  India,  504 

Newspaper-folding  machine,  431 

Nineveh,  extent  to  which  arts  and 
manufactures  were  practised  in, 
449 

Northumberland,  Duke,  offers  a  re- 
ward for  the  best  model  of  a  life- 
boat, 573 ;  result  of  that  oti'er, 
ib. ;  his  intention  of  placing  the 
best  life-boats  that  can  be  built 
on  the  coast  of  Northumberland, 
574;  remarks  by  Baron  Charles 
Pupin,  in  awarding  him  a  Council 
Medal,  ib. 


OnrttciL  itiiiGO»ri«s>i]',in  elMUidtjr 
Oila,  pvrfuaiBi  of,  ardfleiillj  pro- 

Oi)*,  v«i)|euJil«,  cnmnwatively  smaJl 
uninUtT  of.  ustM  li;  miiDiirBC- 
lum,  2CiT ;  earu  miuirod  in  the 
prepuvliDn  of,  far  exportslion, 
800;  tnta  Now  SouUiWilea,pro- 
pertiei  of,  SUO 

Optician!!,  BUicrall/  advone  to  e%- 

Onit,  :kCi9:  falladom  coUeclioiu 
uf,  tl>;  sp«<nTa«ii»  ut^  II;  from 
tho  Bum-Bam  uines,  fiO ;  from 
Banna.  01;  from  Sweden,  ib-i 
ttvtn  ibe  United  Sutra  ajid  Ca- 
nada, ib. ;  ocr^iirreooe  of  melsl- 
llferons  om,  02.  oa ;  extnotiun  nt. 


09; 


;  of,  ib. 


Otabniu,  il«  coothbuliiniB,  10 

Otto  of  Tosec,  110 

l>xni,  Professor,  Lecture  on  the  raw 

materials  Cmm  the  aniiual  king- 

FainliDS  in  India,  018, 019 

I'aper,  knowledge  of  its  lUBtiufw- 
racinre  in  luiUa,  ise,  iSI 

Paper-outting  maehuie,  by  Mr.  Wil- 
son, 432 

Papor-ina^in^  niBrbinerj,  432 

Papier-miohe  p&aelB  used  inataad 
of  wood  Id  railwn;  carriages,  b; 
Mr.  Haddon.  119 

Pnlenl  fuoU.  iS 

Palent-lans,  injiiriuus  e&eots  of, 
lau,  lUU 

Patterus  of  Indirm  artidps,  excal- 
k'lii'e  of  tlieir  ile^iigns.  iiU,  030 

Vi'ike,  Mr.,  iiualities  ot  the  life- 
boat cxliiliud  by  him,  OHS 

PcarU.  Indiiui  tuid  Csylon,  121 

Perfnmery,  181 

Permancut  way  for  railw^s,  420 

PeiHians,   anrienl   pnictioe  of  the 

Pelt,  Mr-,  Phineas.  tbe  first  to  con- 
Btnict  a  veasel  on  scieQtiQc  prio- 
oip1e»,  6in 

rhalmaceatical  products,  of  India, 
lUl 


rbilwepbioal  instramonls.  claMiK- 
cadon  of,  bj  Dr.  riajrur.  332-331: 
aa  eihibiled,  ^i-3UT 

Philosophical 


PhoHphnros  mailo  inuitciums,  tU 
PhuWgraphy,  inipr-ivumenla  id  the 

prumis«s  of,  310;    nlility  uf,  he 

applird   to  Iha   purposes  -if  art, 

arience,  and  literatiim,  'Mi ;  np- 

pUcMion  of;  hi  HBlronuiiij.  J^3 
Phyirica]    optira,    iBitnnueQla  rm- 

necl«d  with,  301 
Plauing-machine.   origin    of.  gI9 ; 

progress    of.    amons   «ugitiecfs. 

311  i  apeeimena  o^  133 
Pluitain,  dried,  290 
Plajfair,  Dr.  Lyon,  IrM'tiire  nn  ths 

chemical   principles  invoWed  in 

the  maDufactnret  exhibited,  100 
PlumbiiBo,eT:  Mr-Ilrufkaloa'apro- 

•xaa  of  porapreisiuQ  of,  ib. 
PontoouK,  uiiiJeU  uf,  tiii^ 
Porcelwn,  or  Clima  cl«j,  8lt 
PoUeiT   ID    Iri'liu,   ITll ;    impi 

menta  in,  of  laif  yen 
PraoUcal  men,  runsoo     .   .    . 

iainc  ft  eyMem  for  tlic  «diM 

of,  301-301 
Priming  in  gold  and  silTer  ii 

IBd,  481 
PrintiDg-preases 

self  inkiiig,  1.11) ; 

der;  Napiai's  cylinduri 

navian,   by   Hopkitwan ; 

gath's,  131 

lUilvny-tarriagiUillH 
Bailwn;   wlieds    and    asles, 
cast-iron   wheob  Auta  I 

R^ way -breaks,  120 
Baodali  and  Saunden,  i 

quarrying  stone,  41tU 
liao-  pnului:6,  vegetable,): 

the  EihiUtion  od  its  calln 

and   preparotioD,   iUS; 

portance    b<^    uffeoting    i    . 

prospcri^.  ib. ;  compatiMn  d 

jiroduclioDa  of  varioua 

as  represHoted  at  the  K 

aie,U*7;  the  p     -  — 
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business  in  this  country  tends  to 
retard  tlie  introduction  of  new 
substances  in  manufactures,  248- 
250,  282 ;  reasons  why  collections 
of,  have  met  witli  little  favour  in 
this  countrjs  2.'>2 

Keade,  Rev.  J.  13.,  improved  eye- 
pieces by,  358 

Rig-Veda,  antiquity  of,  455 ;  trans- 
lation of,  by  I'rofessor  Wilson, 
450 ;  internal  evidences  of  its 
having  been  written  in  India, 
456,  457,  note 

Rockets,  614 

Rolled  iron,  capability  of  producing 
in  this  country,  420 

Rope-machine,  by  Mr.  Crawhall, 
427 

Ross,  large  equatoreal  by,  339 

Royal  Yacht  Scjuadron,  558 

Royal  Oeorfffj  the,  one  of  the  first 
vessels  that  had  her  bottom 
sheathed  with  copper,  547 

Royle,  Professor,  J.  F.,  Lecture  on 
the  arts  and  manufactures  of 
India,  443 

Saccharometer,  361 

Safety-lamps  for  mines,  46 

Sampan  of  the  Malayan  seas,  simi- 
larity of  the  lines  of,  to  those  of 
the  America,  528 

Saw-gin, 423 ;  unsuccessful  attempts 
to  procure  a  substitute  for,  ib. ; 
reward  of  5000  rupees  offered  by 
the  East  India  Company  for  the 
machine  best  suited  to  Indian 
cotton,  424;  the  efficiency  of  that 
used  bv  native  Indians,  530 

Schenck,  Mr.,  his  improvements  in 
the  preparation  of  flax,  272 

Schneider,  M  ,  designs  by,  of  the 
great  iron  steamer  for  the  navi- 
gation of  tlie  Khone,  570 

School  "if  Mines,  71 

Schools  ill  India  : — School  of  arts 
in  Madras,  5:J1 ;  school  for  ele- 
mentan'  ami  mechanical  science 
at  Koorkee,  ib. ;  college  at  Poo- 
nah,  ib. 

Science,  ngncnltnre,  manufactures, 
and  commerce,  dependent  upon. 


327;  how  it  repays  the  culture 
bestowed  upon  it,  328 

Scientific  and  practical  men,  neces- 
sity for  effecting  a  more  intimate 
union  between,  296,  297;  the 
Great  Exhibition  greatly  instru- 
mental in  doing  so,  331 

Scientific  men,  how  treated  in  this 
country,  394,  395 

Screw-cutting  lathe,  306 

Screw-propellers,  engines  for  driv- 
ing, 409 ;  advantages  over  direct- 
acting  paddle-wheel  engines,  409, 
56fi,  563 ;  early  application  of, 
561;  trial  between  the  Rattler^ 
screw-propeller,  and  the  Alecto^ 
paddle-wheel,  562 ;  points  to  be 
decided  respecting,  ib. 

Sculpture  in  India,  520 

Sea-conmer,  suggestion  for  the  ap- 
pointment of  a,  619,  620 

Sea  Island  cotton,  its  excellence  to 
be  ascribed  to  the  care  taken 
in  its  cultivation  and  collection, 
267 

Sealing-wax,  mode  of  manufacture 
of,  in  India,  486 

Seppings,  Sir  Robert,  his  system  of 
diagonal  trussing  in  ship-building, 
552;  other  improvements  by  him, 
653 

Sheathing  the  bottoms  of  ships,  ex- 
periments in,  in  various  ages,  552, 
553 

Shafts,  new  method  of  sinking,  47 

Shaping-machine,  315 

Shawls,  Indian,  unequalled  in  colour, 
160;  manufacture  of,  in  India, 
498 

Sheep,  wild  and  domesticated,  82- 
84  early  breeding  of,  87 ;  crossing 
the  breed  at  Maue.hamp,  93 

Shellac,  deteriorated  state  in  which 
it  is  sent  to  this  country,  2')4 

Shell  bracelets,  manufacture  of,  in 
India,  513 

Shepherd,  Mr.,  electro  magnetic 
clock  bv,  353 

Shields,  life-boats  from,  581 

Ship-building,  variety  ol  woods  em- 
ployed in,  276;  in  France  ( on- 
ducted  on  scientific  principl.s.  'is 


Shiirt-of-war,  in  earlj  tirae*,  twenm- 
panied  bj  "  TiotnallMn"  for  the 
oajTia^  of  proriiiiaus,  1>W;   iia- 

of,  I 


9i«.  -" 


1  boa  p«ptnr«il  fcsieia, 


Sbipwrecki.  average  uuionl  ntunber 

of.  ,17.1.  .■nil,  uao 

Silk  niniiuriu-ture  in  IniliR,  4ai,  4I)T 
Silk,  raw,  Hutiquit;  nf  iitt  a»e,  108- 

\0r>:  Frencli,  IfW;  ItHli.n,  111; 

TuildRh.  ib. ;  Indian,  ib.;  ChineBe, 

n^;  EngUsKib. 
Silk-worm,  10'):  iolroduetiin  Into 

Engluiil,    IM;     Tuiedea,    I'M; 

Cnunt  Itmnaki's  trnatninnl  of,  1 10 
Silver,  sp«dman«  of,  0'^ 
Sininia,  Sir.,  excellence  of  ihe  aairo- 

nonuFti  instmnieiits  txliiljiied  b; 

bim,  33»;  equaCorealu,  340 ;  i-oa- 

Teraion  of  the   Biis  of  a  tnuisit 


method  of  illuminadng  Uie  diri- 
siona  on  the  micronieler  bead, 
340-B4II;  dinH'JD'l  transil  inslru- 
taeox,  Slfl,  347 ;  nelt-acting  di- 
viding machine,  HH :  tliermome- 
ter,3fl3:  Blaadard ban  and  scales, 

suu',  es 

Slide-re«t,  303,  307.  308 

Sleejiers,  railway,  by  Mr.  Greaves, 
420 

Slntliog  and  paring- macliine,  aiS 

Snow  Harris,  Sir  William,  light- 
niug-conduolnr  b;,  n70 

Soap,  1T9 :  how  manubdiired  in 
India,  481 

Society  of  Ana,  eiertioos  made  by 
it  to  dtTelope  tbe  reioiirees  of  our 
oolonies,  3H4  ;  facilitiea  poaifeased 
by  it  for  the  establishment  of  a 
Mnaeuin  af  Indnatr;,  388,  38fl  j 
n  by  it  for  iraprove- 


u  life-h 


*,  601; 


Soda- water  apporatiu,  4-14 
Solly,  Professor  K.,  Lecture  on 
v«get)ibli<  subKtaiji'eB  aned  in 
arlB  and  manufacLon!!!,  Ul.t 


Solomon,   bia     cmniDerdal    inut- 

course  witb  India,  tni 
Sonnding-machine,     by   Eniaiat, 

Spectacle,  large    number  of,  '^ 
hibited.  300;    aaaptMian  ■>(. 
peculiBiitj  oTviaian,  ib. 
Slaffel,  calculating -malluTie  bi.  j^< 
Standard  meaiurei  of  lutigdi,  S"^ 
Starch,  tmproiemenla  in  ibe  mano 

fiuture  nf,  aso 
Steam-engine,    improvemenU    in. 
etfcKt    an    inipr<ivemeut  in  tb« 
applieation  of  manhinery  to  ma- 
DufiKtnrH,  SOi) 

St^nm-piimp,  by  Ur.  Garrvtt,  411 

Swam-TesseU,  rise  and  pragma  oC 
asa,  WO;  compelilian  in.  be- 
tween KingHloD  and  Uolyheadi 
Ibeir  defects  aa  war-Ve^LuU,  Ml ; 
comparative  coat  of,  and  saw- 
propellera,  AGS 

Stefl,sj)Q(dmeiH)or,fin;  laanul^tlir* 
or,inlndia.4<)H,4tI7 

Slocldns-stones  41 

Stones  for  building,  67 

Stone  and  quarts  ci-nsbiug  rnilb, 
433 

Stone,  workina  in,  extent  to  wluch 
it  is  empWtd  in  IndiK.  Ma^l7 

Su  John,  of  Buffalo,  desoriptiaii  of 
compass  by,  304,  STO 

Sugar-cane,  3iS 

Sugar-ernabiDg  mills,  438 

Sumatra,  its  oontnbntiima,  U 

Suspension  and  dnv-blidgCi " 

Swash-latho,  ao.t 

Switch,  Mr.  Wild's,  TB)lw«r,  Ul 

SjiQonds,  Sir  Willian,  iminn- 
menla  in  ship-building,  &M 

Talbot,  Mr.,  injnriouii  atTecta  et  }as 
patent  in  connexion  widi  photo- 
graphy, 370 

Tnlluw,  ttuiiAian,  largely  snpersedtd 
by  vegetable  oils,  IhO 

Tanning,  simplilication  of,  ITS 

Tea,  Chineee,  finer  qualities  ut,a31; 
spurious  or  "  lie  tea,"  2.14 ;  Aaaam, 
a-1li  Himalayan,  233 

Teitilo  arts,  »a  pracUsed  iu  India, 
487-i>03 
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Textile  fabrics,  chemistry  of,  169 

Thames  Yacht  Club,  558 

Thermometer,  by  Rev.  R.  Sheep- 
shanks, considered  the  most  ac- 
curate in  this  country,  362;  max- 
imum and  minimum,  363 

Tide-guages,  self-registering,  389, 
300 

Timber,  amount  of,  imported  anna- 
ally  into  Great  Britain,  276 ;  spe- 
cimens of,  at  the  Great  Exhibition, 
277 ;  methods  of  seasoning  and 
presening,  279 

**  The  Times,"  on  the  value  of  Indian 
products,  533 

Tin  ore,  61 ;  invention  for  separating 
wolfram  from,  61 

Tobacco,  Havannah,  235 ;  Trinidad, 
236,  242 ;  Russian,  237 

Tobes,  African  mode  of  glazing, 
159 

Tonnage  Commission  of  Revision, 
567 

Tonnage  laws,  injurious  effects  of, 
565,  656 

Tools.    See  Machines. 

Topographical  models,  435 

Tortoise-shell,  123 

Travelling  crane,  by  Messrs.  M*Nicol 
and  Vernon,  of  Liverpool,  414 

Traversing  table,  by  Mr.  Dunn,  421 

Tren grouse,  Mr.  Henry,  the  first  to 
suggest  the  use  of  the  rocket  and 
line  in  shipwrecks,  616 

Tabular  bridges,  models  of,  435 

Tabular  crane,  by  Mr.  Fairbaim,  413 

Tunis,  pottery  of,  its  elegance,  160 

Turner,  Mr.,  model  of  a  Coast-guard 
safety-galley,  581 

Turning,  a  favourite  amusement 
wth  amateurs  in  France,  306 

Turning-lathe,  305 ;  uses  to  which 
it  is  put  in  India,  517 

Tyi^ha  bread,  219 

Ultramarine,  142 ;  artificial,  173 
United  States,  establishment  by  the 

government  of  life-boats  on  the 

coast  of  New  Jersey,  584 

Van  Houten,  Mr.  Willem,  model  of 
life-boat  in  use  in  Holland,  583 


Vegetables,  dried,  221 ;    Masson's 

process,  222 
Vegetable  fibres,  varieties  of,  274 
Vegetable  tallow  from  China,  258 
Vegetable  wax,  high  duty  till  lately 

imposed  upon,  258 
VentUators,  by  Mr.  Hurwood,  436 
Vieille   Montague   Zinc   Company, 

61 
Vienna,  Imperial  Polytechnic  Insti- 
tution of,  exhibitors  of  surveying 
instruments,  355 
Volta,  discovery  of  voltaic  electricity, 

349 
Von  Eees,  S.  E.,  establishment  of  a 
Museum  of  Industry  by,  in  Aus- 
tria, 287 

Washington,  Captain,  Lecture  on  the 
progpress  of  naval  architecture, 
and  on  life-boats,  541 

Water-engines,  412 

Water,  hard,  its  disadvantages,  171 

Weight-table  for  railway  engines,  by 
Mr.  Pooley,  421 

Whalebone,  or  baleen,  98-103 

Wheat,  S.  Australian,  212,  241 ;  its 
excellence  the  effect  of  climate, 
214;  experiments,  214;  Castilian, 
213;  Revitt,  215 

Whewell,  Rev.  Dr.,  Lecture  on  the 
general  bearing  of  the  Great  Ex- 
hibition, 3 

White,  Mr.,  his  models  of  vessels, 
555 

Whitworth,Mr.,  his  proposal  to  clas- 
sify sirews,  27 

Willis,  Rev.  Robert,  Lecture  on  ma- 
chines and  tools  for  working  in 
metal,  wood,  and  other  materials, 
293 

Wilson, Professor,  his  translation  of 
the  Rig-Veda,  456 

Wool,  its  quality,  81 ;  German,  85  ; 
American,  90 ;  Russian,  ib. ;  Spa- 
nish, ib. ;  French,  91;  En^'lish, 
94,  05 ;  Australian,  05 ;  Imlian, 
90;  Cashmere,produced  by  Prince 
Albert^  ib. 

Wool-combing  machine,  by  ^Ir. 
Donisthorpe,  425 ;  by  Mr.  Calvert, 
426 


n  Qianiifavtun^  in  lodia.  4ti7 

..ig  I'liuKHS,  advanlHBOS  nccru- 

uie  lu,  fromtbp  (jre&tExhibition, 

Wopsled  mMhine.    liy   Mr.  Bmtj. 

Wrwk  Chun  i.f  UiB  UnitcU  King. 


Zinc,  specimiuii!  of,  H 
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